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THE COMPOSITION OF GRAIN SORGHUM KERNELS. 
J. A. Le Crerc anv L. H. Batrey. 
INTRODUCTION. 


This paper gives the average results of a large number of analyses 
of the seed of the grain sorghums. The samples analyzed were from 
crops grown in the Panhandle of Texas by the Office of Cereal Inves- 
tigations of the Bureau of Plant Industry, U. S. Department of Agri- 
culture, in the five years from 1908 to 1912, inclusive. The investi- 
gation was undertaken for the purpose of ascertaining how the com- 
position of these grain sorghums varies in different years and whether 
such variation is a result of the climatic conditions prevailing during 
the growing and pregrowing periods. In addition to giving the aver- 
age composition of those grain sorghums that have been grown quite 
extensively, this paper contains analyses of a small number of sam- 
ples of the grain of certain’ sorghums which are not so well known— 
shallu and broomcorn. ‘There are also reported results of analyses 
of bread made in part from grain sorghum meal. 

The chemical analyses here given when compared with analyses of 
the ordinary cereals may serve as an index to the food value of the 
grain sorghums. The results show that these grains may be favor- 
ably likened to the cereals in food value. A general knowledge of 
this fact should serve to stimulate and to encourage a wider use of the 
sorghums for human consumption, as well as for stock feeding. 


1 Contribution from the Laboratory of Plant Chemistry, Bureau of Chem- 
istry, United States Department of Agriculture. Published by permission of 
the Secretary of Agriculture. Received for publication November 1, 1916. 
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THE GRAIN SORGHUMS. 


The grain sorghums, which are indigenous to Africa and India, 
are of great antiquity and are grown extensively in those countries 
and China. They belong botanically to the general classification of 
sorghums (Andropogon sorghum) (3).2, Among them may be men- 
tioned milo, kafir, durra, and kaoliang, and crosses or hybrids among - 
these. They are drought-resistant plants, and it is due to this fact 
more than to any other that they may be grown successfully and prof- 
_ ttably in the dry-land region of the Great Plains. The cultivation in 
this region of such grains as milo and kafir is highly desirable, since 
the yield is greater than can be obtained from almost any other crop. 
The actual yield in dry-land areas is sometimes as high as 50 or even 
75 bushels per acre (5). 

The sorghum belt of this country is the southern part of the Great 
Plains area. It is nearly 400 miles wide and 1,000 miles long (4). 
The grain sorghums are grown to such an extent in the United States, 
—principally within the area peculiarly adapted to their growth,— 
that in I910 over 3,000,000 acres were devoted to their culture, the 
crop having a value of about $30,000,000. 

Where grown in the Old World the grain sorghums are commonly 
used as human food and, indeed, often furnish the chief article of 
diet. In the United States they are generally employed as stock and 
poultry feeds, for which purpose they have been successfully used, as 
they are very similar in composition to corn. Recently attempts have 
been made in this country to subject sorghum grain to the process of 
milling and to employ the ground grain in the same way that corn- 
meal is used. Inasmuch as these grains do not contain gluten as such, 
meal made from them can not be used alone, as can wheat flour, for 
making yeast-risen bread. ‘There seems to be no reason, however, 
why such meal should not be used as a partial substitute for wheat 
flour in the making of bread. Undoubtedly it can be used in making 
batter cakes and similar products. 

Milo, kafir, and the other grain sorghums might be used with profit 
for the manufacture of breakfast food and for popping, as substi- 
tutes for popcorn (6). Moreover, since these grains contain prac- 
tically the same proportion of carbohydrates as does maize, they can 
perhaps be profitably employed for the manufacture of alcohol or for 
the manufacture of a sirup similar to glucose or corn sirup. This 
suggestion is made as a result of the work done in Oklahoma by Baird 
(1) and by Baird and Francis (2). Baird states that kafir grain 


2 Reference is made by number to “ Literature cited,” p. 16. 
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compares favorably with maize in digestibility, as shown by digestion 
experiments with chickens, in composition as shown by chemical 
analysis, and in suitability for the production of alcohol or glucose. 
His results also show that a crop of kafir removes less plant food 
from the soil than does a crop of maize. 


METHODS OF ANALYSIS, 


The methods of analysis used in this investigation were those given 
in Bureau of Chemistry Bulletin 107, revised, and known as the 
methods of the Association of Official Agricultural Chemists (7). The 
weight per bushel was obtained by the use of a miniature bushel or 
grain tester. The weight per 1,000 kernels was obtained by counting 
from each sample lots containing 200 and 300 kernels, respectively, 
and weighing them. The agreement should be within half a gram 
per 1,000 kernels. 


RESULTS OF BREAD-MAKING TEST. 


From experiments in the use of grain-sorghum meals as part 
substitutes for flour in bread-making, it appears that it is possible 
to make from a mixture of 25 percent milo, kafir, or other grain- 
sorghum meal, and 75 percent of good wheat flour, a very pleasing 
loaf of bread. Such bread has essentially the same composition as 
bread made from wheat flour, except that it contains somewhat more 
ash and fiber than does wheat flour bread. The striking difference 
between these sorghum breads and bread made from wheat flour alone 
is in the color, that from the sorghum-wheat mixture resembling 
somewhat a loaf made from rye-wheat mixture. Table 1 shows the 
composition of bread made with wheat flour alone and of bread in 
which milo, kafir, or kaoliang meal has been substituted for 25 percent 
of the flour.* 


TABLE 1.—Analyses of bread made from wheat flour alone and from mixed 
flours containing 25 percent of grain-sorghum meal. 


Kind of bread. Water. Ash, Protein. Fat. | Fiber, 

Percent Percent Percent Percent Percent 
8 ae ea 35.00 1.26 9.60 1.88 0.13 
Memermnd wheat............... 32.76 1.46 9.25 —_— 35 
Mer and wheat. 6)... .2-.... 30.15 1.66 9.78 —_ .36 
Kaoliang and wheat........... 35.70 B.42 8.94 —_ 39 


3 The nitrogen determinations were made in the Nitrogen Laboratory, Bureau 
of Chemistry, under the supervision of T. C. Trescot. 
_ 4The baking experiments were carried on by Miss H. L. Wessling, of the 
Laboratory of Plant Chemistry, who also did the analytical work on the breads. 
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RESULTS AND DISCUSSION OF ANALYSES. 


Of the analyses of grain sorghums only the minimum, maximum, 
and average results are given for each kind of grain for the series of 
years during which it was grown. These figures represent hundreds 
of analyses made during a period of five years, from 1908 to 1912, 
inclusive. It is believed, therefore, that they will give a very clear 
idea of the possible variation in the composition of sorghum grains 
grown in a particular section of the country and will show to what 
extent the composition has been affected by climatic conditions. 

Table 2 shows the minimum and maximum results and the average 
composition of the various grain sorghums for the series of years 
during which they were grown at Amarillo, Tex. The data are sum- 
marized in the last section of the table. 


TABLE 2.—Minimum, maximum, and average composition of various grain sor- 
ghums grown at Amarillo, Tex., 1908-1912. 


DURRA. 
: Weight | Weight 
Variety and analysis. | Water. Ash. Hae Fat. Fiber. nee per 1,000 ae 
Percent |Percent |Percent |Percent |Percent |Percent | Grams |Pounds 
White, 35 samples, 
I908—-I912. 
Minimum...... 8.05 1.44 11.25 B22" + NOD 68.08 20.7 51.9 
Maximum...... 10.46 2.006 15.19 4.90 3.39 72.54 32.0 60.5 
Avetage. . 4 sic. 9.49 1.74 13.69 3.52 1.48 70.08 28.2 56.4 
Buff, 4 samples, 
I908—-1909. 
MEIN. 25.45 8.56 T.53 12.06 2.26 TAT 69.10 20.5 58.6 
Maximum’... 20. : 10.58 1.82 15.00 4.26 1.80 73.14 34.5 59.9 
AVETABE 6 Sot ou 9.60 1.69 13.06 3.05 Ts62 71.24 28.1 59.0 
DURRA KAFIR. 
Blackhull, 
28 samples. 
Minimum...... 8.18 1.76 12.44 2-02 7.32 65.42 17.6 46.7 
Maximum::......". 10.64 2.19 16.75 4.46 ~ 2.25 70.75 24.5 57.9 
AWeCTALC 2 oss 9.49 1.98 14.38 3.56 I.70 68.84 22.3 Sek 
Palehull, 
I9 samples. 
Minimum...... 8.62 I.79 II.69 2.80 1.24 67.05 I v3 55.0 
Maximum .....| 10.56 2aDA. 16.06 3.85 2.30 71.81 27.9 ys Ae 
Average... .... 9.79 1.90 14.88 3.43 Tis7 69.42 am 56.2 
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TABLE 2.—Minimum, maximum, and average composition of grain sorghums 
grown at Amarillo, Tex., 1908-1912.—Continued, 


KAFIR. 
Variety and analysis. | Wate Ash Protein Fat Fiber Carbo- Riess bie 
= ek fa pt is *  \(VX 6,25). : : hydrates, | evasia. Giaher. 
Percent | Percent | Percent | Percent | Percent| Percent| Grams | Pounds 
Blackhull, 

83 samples, 

I908-IQI2. | 
Minimum...... 8.50 1.53 1.25 2.85 1.30 65.94 13.6 55-5 
Maximum...... 10.65 I.99 15.94 4.00 1.89 72.70 29.4 60.3 
Average....... 9.60 1.78 14.00 3.44 1.59 69.52 20.9 59.0 

Red, 67 samples, 

I908-I9Q12. 

Minimum...... 8.63 I.52 9.69 2.56 I.22 69.08 | 14.7 53.6 

Maximum......| 10.62 1.99 I4.40 3.65 1.82 74.54 20a 60.2 

Average....... 9.71 kee pl £2.37 3.14 1.48 aDe54 20.3 58.2 
White, 19 samples, 

1908-1912. | 
Minimum...... 8.76 Tes5 Ti.3T 2.78 1.18 70.04 T5.7 55.0 
Maximum...... 10.88 I.90 13.50 3.66 1.79 A207 30.1 59.1 
Average....... 9.84 E07 12.44 3.30 1.50 TAO! + DICE 57-4 

Dwarf, 11 samples, 
I908—1909 and 
IQII-IQI2. 
Minimum...... 9.38 E57 ED.31 S01 E.33 69.59 I5-2 58.3 
Maximum...... II.03 E72 rhe attr 255 1.64 72.05 22.5 59.6 
Average....... 10.09 1.66 12.81 2.10 1.49 70.81 75 59.2 
KAOLIANG. 
White, Ir samples, 

1908-1912. 

Minimum...... 8.70 1.58 II.50 4.07 I.09 68.85 I4.5 55-8 

Maximum...... 10.09 1.99 14.56 5.2 1.56 71.87 24.1 59.4 

Average....... 9.18 1.81 13.56 4.91 1.26 69.34 19.7 a (AY 
Blackhull, 

9 samples, / 

1908-1912. 

Minimum......| 8.79 | 1.63 1.13 3.39 .96 67.59 15.4 55-0 

WMaximum:..2..| 10.24 2.15 £5.63 4.69 T.59 Cc 2335 58.5 

Average....... 9.48 1.88 13.06 3-97 1.26 70.38 18.6 56.8 
Brown, 72 samples, : 

1908-1912. 

Minimum...... 8.25 153 10.25 3.07 1.06 65.85 134 50.3 
Maximum...... TPL.07 3.06 NALA H | 5.36 2.58 42,22 3033 58.0 
Average....... 9.38 1.87 13.42 4.16 1.39 69.84 19:2 56.0 

| MILO. 

. 

. Standard, 

23 68 samples, 

IQ08-IQI2. - 

Minimum...... 8.02 1.33 9.81 2.44 1.26 69.53 27.8 56.4 

eMaximum:..:.. TR EAAG | 1.84 14.13 3.88 1.74 75.22 29:4-)\" 50.6 

Average....... 9.33 1.63 £2.63 | +3.16 I.49 71.86 30.2 58.1 
Ng a ai A 
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TABLE 2.—Minimum, maximum, and average composition of grain sorghums 
grown at Amarillo, Tex., 1908-1912.—C oncluded. 


MILO. 
; Weight | Weight 
. F Protein F arbo- 
Variety and analysis. | Water. Ash, (6.25): Fat. Fiber. bydiate,| Bee wey 
Percent | Percent | Percent | Percent | Percent | Percent | Grams | Pounds 
Dwarf, 55 samples, 
1908-1912. 
Minimum...... 8.18 1.43 9.19 2.85 P29 69.23 25a 55-0 
Maximum’; . 2. 10.73 1.83 TAabe 3.78 1.82 75333 36.4 59.6 
Average....... 9.38 1,03 12.06 2:27 1.47 72.20 31.4 58.2 
White, 19 samples, : 
IQIO-IQI2. 
Minimum...... ‘8.24 Pony 9.63 2.80 1.39 69.71 25.2 55.2 
Maximum: $'... 10.45 1.84 14.44 2.07 1.86 74.45 a5o5 58.5 
AVEDA SE RO. 9.35 1.66 12.88 2.10 r.53 72.06 32.9 57.6 
Hybrid, 6 samples, ; 
IQII-IQI2. 
Minimum .2))-: 3 9.21 I.55 P2203 2.47 1.59 65.90 Bat 50.0 
Maximum...... 10.82 2.29 15.50 3.24 3.57 72.15 20:2 58.5 
Average. .5 2.0... 10.03 [53 nie te 2.91 2.2% 68.97 32.4 56.1 


SUMMARY. 

Durra, 39 samples. 2 
Minimum...... 8.05 I.44 II.25 2.22 1.06 66.53 20.1 51.9 
Maximum......| 10.58 2.06 I5.19 4.90 3.39 43:14 27:3 60.5 
ANEGACE. Sicit! se 9.50 173 13.63 3-47 I.49 70.30 28.2 56.7 

Durra kafir, 

47 samples. 
Mininium:.:..) +. 8.18 E70 11.69 2.80 I.24 65.42 r7.3 54.1 
Maximum...... 10.64 2e2A 16:75 4.46 2.36 41.8L 27.9 57:7 
Average....... 9.61 1.95 14.19 3.51 1.05 69.08 22°53 55.6 

Kafir, 182 samples. 

Minimum...... 8.50 ey? 9.69 2.56 I.18 65.94 13.6 53.6 
Maximum, :.: «. II.03 I.99 15.94 4.00 1.89 74.34 30.1 60.2 
AVETA EE oie: é. 9.70 1.75 13.03 3.30 rsa 70.30 20.7 58.2 

Kaoliang, 

92 samples. 
Mininium.....:. 8.25 E53 10.25 3.07 0.96 65.86 ce Me 50.3 
Maximum...... II.07 3.06 | 15.63 5.36 2.58 "229 30.3 59.4 
Average....... 9.37 £0 7 13.37 4.23 1.36 69.84 19.2 56.3 

Milo, 150 samples. 

Ritamiti hy. Ps 8.02 1.33 9.19 2.44 1.26 65.90 25.1 50.0 
Maximum...... Tis27 2.29 15.50 3.88 257 a5 .33 39.4 59.6 
Average ic ssc | O39 1.64 12.50 3.18 1.52 71.88 33.9 58.0 


The protein of grain sorghums is the most valuable constituent of 
these grains, although not the most abundant. So far as this sub- 
stance is concerned, sorghums have a composition approximating that 
of hard wheat. On the other hand sorghums have somewhat less 
fiber but more fat than wheat, while the proportion of ash is about 
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the same in both. Sorghum kernels usually average smaller than 
wheat kernels and weigh a little less per bushel. The main difference 
between the composition of sorghum and of wheat lies in the fact that 
the protein is quite unlike that of wheat. The protein of wheat is 
chiefly gluten, which possesses the characteristics desirable in bread 
making, while there is no gluten in the sorghum grain. 

An examination of the summary at the end of Table 2 shows that 
the weight per 1,000 kernels of the milos is considerably greater than 
that of the other sorghums, while the percentage of fat, ash, and 
protein is somewhat less. In composition the kafirs and durras lie 
between the milos and durra kafirs. The durra kafirs are the richest 
in protein, ash, and fiber, and have the lowest proportion of carbohy- 
drates. and the lowest weight per bushel. Kaoliangs, on the other 
hand, contain appreciably more fat but less fiber than do the other 
grain sorghums and average the lowest in weight per 1,000 kernels. 

When the average compositions of the various grains for each of 
the five years from 1908 to 1912 are compared the following ex- 
tremes are shown: 


Lowest average for Highest average for 
one year, one year, 
RETR MEO TAG Al coo cis g vs fu aie oes 8 sia en's 9.2 10.0 
Mperrete kw. 2 cine ee veces 1.6 2.0 
ROOEREN Ses ic ke we obec wees 3.0 4.9 
MR ETCCNE Gyo oo i sid ds eee eee ewe 1.2 2.0 
Pee een ss. oa. ni we x'ees 12.1 14.9 
armolydrates, percent ............... 69.0 72.0 
Weight per 1,000 kernels, grams ...... 17.5 36.2 
Weight per bushel, pounds ........... 55.1 50.2 


The figures just given are averages for certain years in the series 
of years. In the case of individual results the actual variation from 
the minimum to the maximum is much greater, as may be seen from 
the following figures taken from the summary in Table 2. 


Minimum, Maximum, 
eG ees Oe eda wie wos 8.02 {1.27 
PeCRCCN Ew Na ok os vee eed be eiees« 1.33 3.06 
Sereise DETCENT 2.0.0... cl beta bees c 9.19 16.75 
MIC EOET i sig Sa ba vcd ees ss le Belew vs Ee. 5.30 
Pe CICCNG Soy cs. se reed caw dn do e's 0.96 3.57 
Garponydrates, percent .....0. 02.6006. 65.40 75.30 
Weight per 1,000 kernels, grams ...... 13.60 39.40 


Weight per bushel, pounds ........... 50.00 60.50 
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Table 2 also shows that the sorghum grains are very similar to each 
other in composition, the widest differences between the average com- 
position of different grains being as follows: 


Percent, 
Waters: oc. oo Saas oo sence kes Le en 0.33 
AGH Stee oft Ss tent cas ba eon eee 0.31 
Protein 26s 6.8 eae oy sie bla bre oo dle gue eae 1.69 
Bat Bee ES. Ce va eas Se inion ees Oe 1.05 
Bibee aot £.sueoe oo Pause Saealets bree ae eee 0.29 
Carbohydrates <.2.52. sank = con we tee eee 2.80 


In the case of the weight per 1,000 kernels, however, there is a 
material difference between the lowest and the highest average, 
namely, 14.7 grams, while the weight per bushel shows a difference 
of 2.6 pounds between the lowest and highest average. 

Table 3 shows the number of samples analyzed, the average weight 
per 1,000 kernels, and the average protein content of the various 
groups of grain sorghums for each year from 1908 to 1912, inclusive. 
Tables 4, 5, and 6 give comparative determinations for sorghum 
grains with low and high protein content, low and high weight per 
1,000 kernels, and low and high ash content, respectively. 


TABLE 3.—Average percentage of protein and weight per 1,000 kernels of the 
various grain sorghums grown at Amarillo, Tex., each year from 1908 to 1912. 


1908. 1909. IgIo. 
Weight Weight Weight 
Crop. No. of 5 per No. of : per No. of : a 
samples. Protein. | y,o00 |samples.| Protein. 1,000 |samples. Protein. | + Goo 
| kernels. kernels. kernels. 
Percent |Grams Percent |Grams Percent |Grams 
Wile s8<bs.5at: I5 TESt4 34-80 16 13.34 | 36.00 22 13.43 | 34.35 
Kaohkane: 23.1 20 P2581. 25702 I5 12.60: <j)858.70 I2 13.87 | 19.89 
eats do, 5 ee 22 1.2.16 354) 24700 38 13.0 2\ea), 22.23) <7) 13.83 18.40 
PD UGEA SL ite 2's 6 E2489 626.63 I5 14.03 | 26.80 Zs I4.00 | 28.60 
Durra kafir..!| — —_ | — — — —_ I2 14.48 | 21.56 
IQIr. : IQI2, 
Crop. ; . ; 
No. of h Weight per No. of 3 Weight per 
samples. Protein. 1,000 kernels.| samples. Protein. 1,000 ee 
Percent Grams Percent Grams 
Hilo we ey: AS 10.83 32.77 52 13.57 33.38 
Kaoliang.... 25 11.88 18.44 30 I4.47 17.86 
11 Fh ca 42 12.49 21.98 48 13.48 18.96 
Durrat: 2.2% 6 12.56 29.10 9 14.19 30.50 
Durra kat. 19 13.44 22.07 16 14.88 | 23.80 
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A study of Table 3 shows that in the grain sorghums there is no 
well defined relation between the weight per 1,000 kernels and the 
protein content, such as one might expect and such as usually exists 
in the case of wheat. In the milos it would’seem that a high protein 
content is accompanied by a high weight per 1,000 kernels, while 
with the other sorghums there is a tendency for the opposite to be 


true, that is, for high protein samples to be those of low weight per 


1,000 kernels. In this respect these latter are like wheat, a high 
weight per 1,000 kernels being correlated with a low protein content. 
These relations are brought out more clearly in Table 4, where it may 
also be definitely seen that in most cases high protein samples also 
contain low fat, high fiber, and high ash. One reason why high 
weight per 1,000 kernels of milos and of durras is correlated with 
high protein content would be evident if the bran from these grains 
were found to contain a lower percentage of protein than the rest of 
the grain. As large kernels contain relatively less bran, they would 
be, therefore, in this case relatively richer in protein. In wheat the 
bran is richer in protein than the rest of the grain and, therefore, high 
protein wheat usually weighs less than low protein wheat. 


TABLE 4—Comparison of grain sorghums of low and high protein content, 
showing average figures for other determinations. 


Se cle ale cele Nth ea ae | Bo 
Crop and class. oe 8X e oe a S a8 ce ce 
ie ee al 
oon ver eon oon You em! Ebs: 
Milo. 
Protein less than 10.75 percent...... 16 | 10.69| 9.36; I.59| 3-27) 1.43] 73-69); 34.9| 58.2 
Protein more than 13.70 percent.... .| 18 | 13.75] 9.25| 1.66| 3.08| 1.50] 70.76) 36.1/ 58.1 
Dwarf milo. 
Protein less than 9.62 percent....... T4| 9.56] 9.48] 1.54| 3.37] 1.39] 74.65) 29.8] 58.8 
Protein more than 13.50 percent.... .| 14 | 13.56] 9.57| 1.67| 3.23] 1.53| 70.48] 32.1| 57-7 
Brown kaoliang. 
Protein less than I1.50 percent...... 17 | I1.44| 9.35] 1-84) 4.17| 1.27] 71.96] 19.0| 56.7 
Protein more than 14.70 percent.... .| 18 | 14.75] 9.88] 1.95| 4.07! I.50| 67.94| 17.7| 55.2 
Blackhull kafir. | 
Protein less than 12.60 percent. >... .| 19 | 12.56] 9.45| 1.66] 3.53] 1.58] 71.30) 23.1| 58.7 
Protein more than 15.20 percent.....| 19 | 15.25| 9.60] 1.85] 3.44| 1.57| 68.22| 20.8| 58.1 
Red kafir. 
Protein less than 11.20 percent...... I5 | II.13| 9.92] 1.60] 3.12| 1.44| 72.80] 21.5| 58.6 
Protein more than 13.70 percent.....| 16 | 13.75] 9.82| I.79] 3.22| I.46| 69.96] 20.5| 57.9 
Durra and durra kafir. 
Protein less than 12.46 percent...... 10 | II.90| 9.55| 1.87] 3.57| 1.39] — | 24.4| 57.0 
Protein more than 14.60 percent.... .| 13 | 15.08] 9.08] 1.95] 3.58| 1.63] — | 23.7| 55.5 


That a large kernel is often correlated with a low fiber content is 
due to the fact that large kernels have relatively less superficial area 
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than small and consequently less bran, in which the greater part of 
the fiber is found. A grain with low weight per 1,000 kernels being 
smaller and having a relatively large surface or coating will be higher 
in fiber than one having a higher kernel weight. It may also be higher 
in’ protein if the bran has a high protein content, as is true of most 
cereals, especially wheat, rye, oats, and barley. Low protein in the 
grain sorghums is, on the other hand, correlated with high weight per 
bushel, low fiber, low ash, and low pentosans, and, except in the case 
of milos, with low weight per 1,000 kernels.® 

The above conclusions were drawn after comparing the average 
composition of a number of samples containing the least amount of 
protein with a number containing the greatest amount of protein. 


TABLE 5.—Comparison of grain sorghums of low and high weight per 1,000 
kernels, showing average figures for other determinations. 


Pics 3 
: 3 ; pa 
co ha same a OD Wes 
Lars ~ viet . 
Crop and class. og cM = D 20 rm 2 ao 
Zalool| & < aX = | were 
Tiles co Pa oO 
ee S 2 


Gm: Yo.| %-\- Ge \ Goal 
Milo. 


Wt. of 1,000 kernels less than 30.2 grams ..| 12 | 28.2) 9.16| 1.65| 11.33| 3.26] 1.53] 57-7 
Wt. of 1,000 kernels more than 37.9 grams.| II | 38.7| 9.64| I.52| 11.90) 3.31| 1.51] 58.3 
Kaoliang. 
Wt. of 1,000 kernels less than 16.6 grams ..| II | 15.4) 8.90] 1.95] 12.70| 4.18] 1.46] 55.8 
Wt. of 1,000 kernels more than 23.4 grams.| II | 25.4) 8.94| 1.82| 12.90| 4.27| 1.29| 56.4 
Kafir. 
Wt. of 1,000 kernels less than 16.9 grams. .| 13 | 15.5| 9.18] I.70| 12.57| 3.25] 1.63| 57.2 
Wt. of 1,000 kernels more than 26.3 grams.| 9 | 28.1; 9.48] 1.65| 12.61) 3.36| 1.38] 58.4 
Durra kafir. 
Wt. of 1,000 kernels less than 21.0 grams ..| 12 | 19.7 9.08] I.92| 13.62) 3.64| 1.63] 57.1 
Wt. of 1,000 kernels more than 28.0 grams.! 10 | 32.7 9.40| I.70| 13.22| 3.22| 1.45| 55.7 


From a consideration of the results given in Table 5 it would seem 
that samples having a high weight per 1,000 kernels are those which 
contain low fiber and low ash. ‘This table also shows that there is no 
definite relation between the weight per 1,000 kernels and the protein 
content. From Table 6 it will be seen that low ash is accompanied 
by low protein, low fiber, high weight per 1,000 kernels, and high 
weight per bushel. There is, however, no such correlation between 
ash and fat content. 

5 The pentosans were not determined in all samples and consequently the 
results are not recorded here. The amount of pentosans in the samples 
analyzed for this constituent varies from 2.35 to 4.69, with an average of 3.89. 
High pentosan content is accompanied by high fiber, high ash, high protein, 
and low weight per 1,000 kernels in all the groups except the milos, where 


high pentosan samples have low fiber, low ash, low protein, and high weight 
per 1,000 kernels. 
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TABLE 6.—Comparison of grain sorghums of low and high ash content, showing 
average figures for other determinations. 


| See vy) a0 ae fim 
C d cl oe a DG g 3 o £S a4 
aa: Baa) 2x | S| Mle lees) we 
gd, Oe eee Salt 
%| GW % | % | % | Gm.) Lbs. 
Milo. 
mmress tren 1.47 percent. .............- 10 | I.42| 10.91] 9.78] 3.32| I.51| 35.1| 58.8 
Ash more than 1.77 percent.............. I2 | 1.81) 13.51} 8.66] 3.03} 1.68] 32.5] 57.2 
Kaoliang. 
weer 4608 than 1.70 percent............... IO | 1.62] 12.63} 8.95| 4.47| 1.26] 19.2] 57.5 
Ash more than 2.05 percent. ............. 9 | 2.13| 13.47| 8.80] 4.23| 1.40] 18.8] 55.2 
Kafir. 
Ash less than 1.59 percent............... II | 1.55| 12.01| 9.72] 3.30| 1.49] 23.6] 58.5 
Ash more than 1.90 percent.............. II | 1.94] 14.85] 9.36] 3.58| 1.65] 20.7| 57-1 
Durra kafir. 
Sgeets teas than 1.71 percent............... II | I.59| 12.60] 9.26] 3.45] 1.32| 29.1| 57.2 
Wem more than 2.00 percent.............. | 12 | 2.06] 14.55] 8.66 3-62) B.73)\22°0|'5A07 


Two of the less extensively grown sorghums are broomcorn and 
shallu. The figures given in Table 7 show the composition of a small 
number of samples of seed of these crops grown at Amarillo, Tex., 
during the years 1911 and 1912. It will be noted that the samples 
from the crops grown in 1911 were considerably lower in protein, ash, 
and fiber, but somewhat higher in fat and in carbohydrates than were 
those grown in 1912. 


TABLE 7.—Composition of broomcorn and shallu grown at Amarillo, Tex. 


Protein Carbo- eee Weight 
Name, Water. | Ash. (VX Fat. Fiber. hy- ‘Gaoo er 
G25). ot drates. | :ernels,| bushel. 
Percent Perceni Percent|Percent|Percent|Percent, Grams Pounds 
Broomcorn. . 
IQII, 5 samples. 
Mamet. ef ks ios, |) 2-50. | ELO4 | 3.43 | 3.40 |65:66 | 54.7 ' 50.3 
LTS ho ea") a2 12. BF) 2.85 || A. 20% |-67282 | 16.3° | 253.0 
MCRGRG. wre. de was ees EO,52.)02.65.4) T2444 1.53.60 |. 3:06 |.66.54°| 15.1. | 51.6 
r 1912, 9 samples. 
MNTEUEIS a s,s O30 1. 2.04). | 82. AA N2.05 ).|) 4.17) |. 62.24| 11.4) 42.6 
: Ce G83) 4300.7 (.15.04' 3.56 4) 6:58 | 66.40 | 16:4] S1.4 
4 PEGEESEG Sst es lass O02 )\> 4500 7) LAc0a) | 3:34.) 5.54 | 03.62) 13.90. | 48.5 
‘ Shallu. 
IQII, 4 samples. 
Cnc to re PO-gh i bee4 | Gecoow 452.) 1:65 "| 67.42 1-64.0°.| .58.5 
PAASOOMGTK, 5... £0:08.). 1-08) 14.53 |. 4-13 |. 4.80 168.97: | -1'7:0., |. 50.0 
PMMEEISE UN coms ine a's ss ie oyee Leones frhs. 72, | 127A) | 68:48... 14.9 || 58.0 
I912, 6 samples. } 
MERU acon ess ee G:GSrle t.04-. 16-73, 3.19 186 =|) 65.3902 FALF | 52.2 
L Beat ts). arn POO 26371) LOGO" A102 - |) 2.62" | 66,85. |> £5.01. $8.5 
PEVETSSO us. oes ee 10.07.) 2:05) |. 10-44. 1.3.67 | A05 65.75 1 T5esal 57.2 
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It would seem from a study of Table 7 that the weight per 1,000 
kernels of shallu was not influenced either by the abundant rainfall 
at Amarillo during 1911 (16.44 inches from April to ripening), or by 
the scanty rainfall in 1912 (10.68 inches). In the case of the broom- 
corn, however, a slight decrease in weight per 1,000 kernels in 1912 
may have been the result of a dry season. The protein content, how- 
ever, was materially affected by a lack of rainfall in that year. 

From a consideration of the data in Table 8, it is impossible to 
state whether the low protein in the grains of 1908 and 1911 was due 
to the high annual rainfall, to the high rainfall from April to the 
ripening period, or to the rainfall from April up to the period of emer- 
gence. Although the experiments discussed in this paper have been 
carried on for five years and with a large number of varieties of sor- 
ghums, the data obtained are not sufficient to reveal the reason for 
the low percentage of protein in the grains during the two years, 1908 
and 1911. It is necessary, apparently, to obtain similar data not only 
for a number of years and with a number of crops, but in a number 
of different localities. 

Because in the years 1908 and I91I many more pounds of protein 
were produced per acre than in the years 1909, 1910, and 1912, and 
because in 1908 and 1911 there were very copious rains before the 
period of emergence, it may be concluded that this large amount of 
rainfall gave the plants a propitious start, allowing them to become 
well developed and capable of bearing large crops. During a season 
of high and favorable rainfall the yield is much increased, but the 
crop contains a relatively low percentage of protein. 

Table 8 gives the total rainfall from April to the ripening period, 
and also the rainfall from April to emergence, from emergence to 
heading, and from heading to ripening. This table also gives the 
yield per acre in bushels and in pounds, the percentage of protein, 
and the yield of protein per acre in pounds. The figures show that 
in 1908 and 1911 the largest yields were obtained; that these crops 
contained the smallest percentage of protein; that notwithstanding 
the low percentage of protein the number of pounds of protein per 
acre was much greater than in the other three years; that the greatest 
amount of rain fell in 1908 and 1911; and that the amount of rain 
falling before the period of emergence was considerably larger in 
these years than in other years. 
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Tas_e 8.—Rainfall at various periods during the growth of various grain sor- 
ghums at Amarillo, Tex., annually from 1908 to 1912, with the yield 
of grain and of protein per acre each year. 
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% |Inches 
Si.gE"| 15.22 
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Rainfall. 
2 eee: , Yield of 
ro- 7 1€ of grain rote 
Crop and year. tein. ne April to Emergence] Heading per acre. . ia 
to rip- | ©™€TS- | to heading. | to ripening, ae 
ening.« | ©nce. 
% |\Inches |\Inches | Inches Inches Bu. Ls. \ (Ebs. 
Blackhull kafir, 
POO Bias coc Bea £2,037) 56.501 5:16 8.09 | 2.72 | ° | 33.62 | e75 |) 2405 
8.86 2.95 
TOOO MS ee tee LA:75 }£2:00)| 25.56 9.01 2.16 5.04 204 || 543:3 
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6.07 
(0 a ad OR aa 13.38 | 16.62 | 8.55 6.62 0.95 21.24 | I,210 | 162.0 
POR Pus in stots et Ss TAA4A | PT.204! 2.059 6.27 2krs 4.09 228°. 24.3 
Red kafir, 
DOGG, Gwe care ioe EL-3E, | 16.50 | 5.26 8.86 3.10 33.05 |.1,9060 }-221,7 
NOOO wrbse tie hates ee £2.50-).1 2.00.2 2250 9.01 2516 3.81 224 | 28.0 
PORO A Fy vet E230) 1007 168.47 5.81 0.35 Sok 300 |. 36.9 
DOE oe ae ee he es TL;50 | 26.02"| 8.55 6.62 0.95 18.68 | 1,090 | 126.0 
TM ake sates, beets: Sues B2OAN Th Lia inl eeeabo 6.27 2575 4.26 246 | 31.8 
Average, b P 
7-51 3-34 
DGD we arete a tees Cts E205, |) FO240) aed B27 3.81 35-72, | 2,048 | sane 
8.54. Pia) aussie 
TOOO tea ela Lee 1 Bee A ele OP er fd Ue 4 0 8.84 oy 8.57 493 | 66.8 
3:74). 2.62 ae 
ROTO EAS ee la tea es 13. IO. ; 11.88 680 Hex 
9 3:57 04 3-44 5.49 2.74 I 9 
c 
POA Maeve cain II.7I | 16.44 | 8.30 4.68 ee 27.19 | 1,568 | 181.4 
5.44") {2.23 1% 
bi 874 ay Ne A ee L3-90)\|' 20,08; |. 2.57 eae 2.84 13.40 795 | 110.3 


@The total rainfall from harvest to harvest is approximately as follows: 
1907-08, 20.3 inches; 1908-09, 16.6 inches; 1909-10, 15.5 inches; IQIO-II, 20.3 
inches; and 1911-12, 14.8 inches. 

> The heading was irregular. The top figures indicate the rainfall up to the 
first appearance of heads; the lower figures show the rainfall to the end of 
heading. 

¢ The ripening was irregular. The top figures indicate the rainfall from 
beginning of heading to beginning of ripening. The lower figures show the 
rainfall from beginning of heading to end of ripening. 


From Table 8 it appears that the amount of rain falling between 
the period of emergence and heading, or between the period of head- 
ing and ripening, did not exert so much influence upon the compo- 
sition or yield as did the early rainfall or the total rainfall. For ex- 
ample, in every case where there was a heavy early and total rainfall, 
the yield was very large and the percentage of protein was relatively 
small. On the other hand, for the rainfall between the periods of 
emergence and heading no such regularity is noted. For example, 
milo, dwarf milo, brown kaoliang, blackhull kafir, and red kafir had a 
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high percentage of protein in 1909, and yet the rainfall between the 
periods of emergence and heading was practically the same as in 1908 
when these same sorghums contained a low percentage of protein. 
In the same way milo, dwarf milo, white durra, and blackhull kao- 
liang in 1911 contained low percentages of protein and in 1910 high 
percentages of protein, although in these years the total rainfall be- 
tween the periods of heading and ripening was almost identical. 
From the results obtained in these particular cases it is evident, there- 
fore, that the amount of rainfall between the periods of emergence 
and ripening has less influence upon the composition and yield of the 
crop than has either the amount of rainfall before the period of emer- 
gence or the total yearly rainfall. 

In Table 9 the average analyses of the grain sorghums are given. 
For comparison, average analyses of other grains and seeds grown 
generally throughout the United States are also given in this table. 


TABLE 9.—Average composition of the various grain sorghums at Amarillo, 
Tex., 1908-1912, with the composition of various grains and seeds 
grown widely throughout the United States for comparison. 


* | No. of Protein Carbo- eas Weight 
Crop. sam- | Water.| Ash, (Vx Fat, Fiber. hy- made per 

ples. 6.25). drates. | ,ernels,' bushel. 

% % % % % % Gm. | Lbs. 

Oo: ee ae 39 O750n) 0.7374) 12:63.) 3547") “I.49-| 70.30-| 28.2 56.4 
Peta kahir......... 47 QlOE | £95 «| TA.1O)| ° 3/51 1.65 | 69.08 | 22.3 55.6 
Ee 182 Boe tet 76: 118.23. |: 3.20 |. F541 90.30. \20.7 58.2 
NC Cn elegy ih HO 7) ik 3.87) 4-23 | 2.36 60-84 |, 10.2» | 56.3 
MME es ere a 150 O.g05) 1:64. 12°50") 4:56 | 1.52 | 71.88 | 33.0 58.0 
0S ee £O..|s10.36.| 1:08' | 55.19'| °3.60 1.93 | 66.84 | 15.1 57-9 
Broomcorm........ 14 @:03, | 83:05 | 13.445) 3:45 4.98 | 64.66 | 14.3 49.6 
Ce fis) 10,04 1 2.55" | 50.30 |) 5.20°| 2.00 |'70.60 |367.4 — 
ete es 76G | 10.62 |.1:82 | 12.23 Dee | A.g0 |- FITS 7 38.6 60.4 
SS eee 133 7-10 43,507 44.87: | 4.52) | 10.20| 59.01. | 22:0 — 
0 84 Bc71) |) 2.08 |) fa-80 | -2.02" 5.76 | 68.98 | 39.2 —- 
7) NT 54 6.67. |) 2:00: (|) 91.32) 8.04.46" | 74.52-| 20:7 — 
a AI 8.50 | 4.00 | 13.94 I.95 8.44 | 63.17 | 29.6° a 
Minkorn®...:...... Pair: 344 4857 | 14.697 | /2.7o) 13.55, | 55.68 |. — me 
NN eye iy she 43 OFF 272-0) aaa 3052 1.7.38 | O3/54 1 5e3 — 
0 ee 13 G28 s47e) TACsO, 4.17 |. 8.25°|' 60.27 1.8 — 
Buckwheat........ 31 9:36 | 2.05) |. 12.000), ~2.47.-1°FO.EE |-63500 | 27.0 a= 
Rice:(hulled)....... 97 10.61 1 eA C275) 2.35 85.) 78.29-1' 23.7 —- 
Beemeans .;....... 23 7-29 | 5-19 | 38.94 | 18.14 | 4.24 | 26.20 |154.0 o— 
gwheas.......5.- 16 8:84:)|\ 2°79: "| 23:26 T.25 4.47 | 58.39 |147.0 — 
Beans (adzuki)..... Ph 0.08 || S.A | 23°56 Al ALE $8.48) ($7.0 —— 
Ea ens 64 Sigel ane 27.00°) 35-43" | 5:09 1.23.80 4.0 — 


'..S: Dept. Agr., Bur. Chem: Bul. 50. 1808. 
bU. S. Dept. Agr., Bur. Chem. Bul. 45. 18095. 

¢ Without hulls. 

4U. S. Dept. Agr., Bur. Chem. Bul. 120. 19009. 


16 JOURNAL OF THE AMERICAN SOCIETY OF AGRONOMY. 


SUM MARY. 


The minimum and maximum results obtained and the average com- 
position found in analyses of several hundred samples of grain sor- 
ghums grown at Amarillo, Tex., from 1908 to 1912, are given. 

The results have been arranged in tabular form so as to bring out 
the correlations between the percentage of protein and the weight per 
1,000 kernels; and also to show how the composition of grain varies 
with 

(1) a high and low protein content, 

(2) a high and low weight per 1,000 kernels, and 

(3) a high and low ash content. 

There is also an attempt made to correlate the protein content and 
the yield with the rainfall. 

Analyses of shallu and broomcorn are given and also of bread made 
in part from grain sorghum meal. 

The composition of the grain sorghums is compared with that of 
many other grains and seeds. ' 
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Fic. 1. Wheat grown in greenhouses kept at different temperatures ; from left 
to right, grown at temperatures of 58, 62, 65, and 75° F., respectively. 
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Fic. 2. Oats grown in greenhouses kept at different temperatures ; from left 
to right, grown at temperatures of 58, 62, 65, and 75° F., respectively. 
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Fic. 1. Barley grown in greenhouses kept at different temperatures; from left 
to right, grown at temperatures of 58, 62, 65, and 75 F., néspectively. 


Fic. 2. Rye grown in greenhouses kept’ at different temperatures; from left 
to right, grown at temperatures of 58, 62, 65, and 75° F., respect.vely. 
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THE EFFECT OF GREENHOUSE TEMPERATURES ON THE 
GROWTH OF SMALL GRAINS.’ 


T. B. Hutcueson anv K. E. QuANTz. 


During the past few years it has been a common practice at some 
of the experiment stations to grow small grains in greenhouses for 
breeding work, for pot tests of soils, and for other similar experi- 
ments. For the crossing of varieties and the rapid increase of se- 
lected seed of small grains, the greenhouse offers almost invaluable 
aid, as by its use two crops of most of the grains may be grown in 
one year. Greenhouses are also usually more conveniently located 
than field plots and are therefore more accessible to the workers. 

When the crops are grown at the proper temperatures they set seed 
well and hand pollination may be practiced very successfully. It is 
not at all difficult to get 80 percent or more of all crosses made to 
set seed when the work is done carefully. For crossing it is usually 
best to grow the plants in small pots, as these may be placed in any 
convenient position for working and may be segregated easily after 
the cross is made, either by placing them in another apartment or by 
separating them from other plants by canvas partitions. 

Failures to get small grains to set seed properly in greenhouses are 
often reported, however. The writers believe that such failures are 
often due to the maintenance of improper temperatures in the houses. 
For this reason an experiment was conducted during the winter of 
1915 to test the effect of temperature upon the growth of winter 
wheat, oats, barley, and rye grown in the greenhouse. 

Fulcaster wheat, Culberson oats, Union Winter barley, and Abruzzes 
rye were used in this experiment. The seeds of these grains were 
sown in 4-inch clay pots. The pots were divided into four groups. 
Each group consisted of four series of four pots each, one series of 
each of the grains under test. Each group was placed in a different 
greenhouse. The greenhouses were kept as near as possible to the 
following temperatures: House No. 1, 75° F.; house No. 2, 65° F.; 
house No. 3, 62° F.; and house No. 4, 58° F. Owing to the great 
variation of the outdoor temperature it was found impossible to keep 
the temperatures in the houses from fluctuating widely. This was 

1 Paper No. 3 from the Department of Agronomy, Virginia Polytechnic In- 


___ stitute and Agricultural Experiment Station. Received for publication October 
_ 25, 1916. 
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particularly true during April and May, when the days became longer 
and warmer. ‘The curves (figure 1) illustrating the average weekly 
temperature of the houses show this variation. It will be noticed 
that there was always a difference in the temperatures of the houses, 
though it was impossible under our conditions to keep the tempera- 
tures as regular as desired. 
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Fic. 1. Average weekly temperature of the four greenhouses from December 
27 to May 23. 


The seeds were sown and the pots were placed in their respective 
houses on December 21, 1915. Several seeds were sown in each pot 
and all pots were thinned to two plants as soon as the plants were well 
up. Notes were taken on the growth as often as it was thought nec- 
essary. The data thus recorded are given in Table 1. On May 27 
the experiment was discontinued on account of the extreme heat in 
the houses. The tillers recorded in Table 1 include only those that 
were still green on that date. The length of culms is the average 
length of all tillers which produced heads. The tillers which had not 
headed were not measured. 

There are some very striking features in the results of this experi- 
ment. In the first place, the time of heading, blooming, and ripening 
of the different grains varied considerably in the different houses. 
The order of maturity was sometimes almost reversed. Thus, oats 
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was the first grain to head in the hottest house, while in the coolest 
house the rye was first to head, the oats heading last. In the second 
warmest house the results were somewhat similar to those in the first 
house, but were slightly modified. Here also the oats headed before 
the rye. 


TABLE 1.—Data on growth of wheat, oats, barley, and: rye in greenhouses kept 
at various temperatures. 


WHEAT. 
Number per | Average 
Tem- P le 

House} pera- Dat } pant. ie 
12) oor —____—— | —— ——— 
cat) Emergence. Heading. Blooming. Ripening. / Tillers. pole ne 

I 75 | Dec. 28 | May 10-27| May 13-27 —_ S275) 10:87 | 35.05] 4.24 
2 65 do. May I5 May 20 --- 8.00 | I.75 | 31.48) 3.28 
- 62 do. Apr. 26 Apr. 29 May 27 | 5.37 | 3.00 | 45.05| 4.38 
4 58 | Dec. 31 | May 2 May 3 — 1.25 11.12 | 36.74! 3.68 

OATS 

I Pe 1 1 IEC,.:20 Apr. 17 Apr. 26 May 24-27| 9.00 | 4.62 30.46 7.13 
2 65 do. aos ‘™ do. do. 502 + 3350 132. 52)°9.75 
3 62 do. Apr. 25 Apr. 29 May 27 3-37 | 2.00 | 34.54| 8.00 
4 58 | Dec. 31 May I May 5 — 1290. (1.20 30.46) 7.70 

BARLEY. 

I 75 | Dec. 29 == cae = PNA i Aa 
2 65 do. May 25 May 26 a ee Oe a iene 
3 62 ao. +)" May 16 May 17 _ 8.00| I.I2 | 21.29| 2.00 
4 58 | Dec. 31 May 2 May 5 — I.75| 1-75 | 23-.42| 2.38 

RYE. 
Apr. 25- 

I 75| Dec. 28 May 27 May 3-27 _— 29.25] 1.12 | 31.30] 4.64 
2 65 do. Apr. 29 May I — 5-00] 1.62 | 40.65| 4.25 
3 62 do. Apr. 18 Apr. 25 May 27 5.37| 3.00 | 45.05] 4.38 
4 58 | Dec. 31 Apr. 17 May 2 —_— I.00| 1.00 | 60.31/ 4.88 


The wheat stood the warm temperature only a little better than 
the rye. It did not tiller as much and produced stronger heads, but 
otherwise there was little difference. In the cool houses the wheat 


_ did well—about like it does under ordinary field conditions. Each: 
_ plant produced from one to several heads, all well filled, which ri- 


pened very uniformly. The pots of wheat from the houses kept at 
different temperatures are shown in Plate 1, figure 1. 

The oats appeared to be affected least of all by variations in tem- 
perature. The most notable effect was that in the warmer houses 
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the plants grew more rapidly and the culms were weaker, necessitat- 
ing tying up the plants. The plants were taller in the warm houses 
and produced more leaves and stalks (Plate 1, fig. 2). There was 
no harmful effect of a serious nature due to heat up to 80° F. The 
same fact was observed a few years ago at the Maryland station by 
the junior author. There the-oats grew in a hot greenhouse to a 
height of 5 or 6 feet, while the wheat and barley did not head out. — 

The barley showed most strikingly the difference between warm 
and cool temperatures. In the cool house the barley was almost ripe 
when the experiment was brought to a close and fully ripe three days 
later. In the warmest house it had produced only an enormous mass 
of tillers and there were no indications that it would ever head. Plate 
2, figure 1, shows this condition clearly. In the second warmest house 
the barley did slightly better, but at the close of the experiment had 
made no start toward heading. In the second coolest house the bar- 
ley had not tillered excessively but it was considerably behind that in 
the coolest house in development. 

The rye evidently does best at the lower temperatures. It was best 
in the coldest house at the time the experiment was concluded. Each 
rye plant in this house produced one long, well-filled ear of grain, 
while in house No. 3 the rye produced more heads, but they were not 
nearly so well filled with grain. In houses No. 1 and No. 2 the rye 
did not do well at all. It seems to have wasted all of its energy in 
producing a great mass of tillers that crowded each other so that there 
was no chance for development. The heads were slender and showed 
little indication of grain production. The time of ripening was de- 
layed at least several weeks, and stretched out over a long period. 
The rye plants from the various houses are shown in Plate 2, 
figure 2. 

The results of this experiment show the effects of temperature in 
the following ways: — | 

1. Except in the case of oats, a cool temperature seems to produce 
earlier maturity, while high temperature stimulates a rank growth of 
tillers and thus wastes energy needed for the formation of heads. 

2. Barley is affected by heat, while wheat and rye also suffer con- 
siderably, though not as much as barley. Oats show very little ill 
effect from high temperature. This would indicate that they are 
better for soil work in greenhouses where temperature cannot be 
controlled closely. 

3. The setting of seed is best in the cooler houses, except with oats, 
which show no difference in this respect. 
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4. The tillering was greatest in the warmer temperatures and least 
in the cool houses, but the difference in the number of heads is over- 
come by the large percentage of seed produced per head, except 
with oats. 

5. It is advisable to grow grain at a moderately cool temperature in 
the greenhouse. From 55° to 70° F. seems to be about the proper 
temperature. 


VIRGINIA PoLyTECHNIC INSTITUTE, 
BLACKSBURG, VA. 


THE RELATION OF WINTER TEMPERATURE TO THE DISTRI- 
BUTION OF WINTER AND SPRING GRAINS IN THE 
UNITED STATES." © 


S. C. SALMON. 


The successful culture of winter grains in northern latitudes de- 
pends largely on winter temperature. As, however, many other fac- 
tors may determine whether a farmer sows winter or spring grain 
where both may be successfully grown, the distribution of winter 
cereals in relation to temperature is of general interest. The census 
reports and weather bureau records of the United States and Canada 
afford excellent material for studying this relation. Sucha study was 
begun during the winter of 1913-14 and has since been continued at 
intervals. The maps (figs. 2 and 3) show the results obtained 
with winter and spring wheat. The distribution in the United States 
was plotted by counties on the basis of the census returns for 1909. 
The distribution in Canada is based largely on the cereal maps pub- 
lished by the Canadian Department of the Interior in 1909. The 
acreage for Canada is for 1911. The isotherms connect points of 
equal daily minimum temperature for January and February, the 
coldest months of the year. 

‘The isotherm of 10° F. daily minimum temperature coincides re- 
markably well with the northern boundary of winter wheat culture if 
this boundary is taken as the line beyond which spring wheat is grown 
' more commonly than winter wheat. ‘The correlation is so close, in 
fact, that in general the isotherm divides the winter from the spring 
wheat belt. There are some exceptions to this statement, but it is 


1 Contribution from the Kansas Agricultural Experiment Station. Received 
for publication October 18, I916. 
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perhaps significant that in nearly every case spring wheat is grown 
south of the isotherm rather than winter wheat north of it. This 
would be expected, since it is possible to grow spring grain wherever 
winter grain is a success, but the converse is not true. 

There are several reasons why spring wheat is sometimes grown 
where winter wheat is produced successfully. In Washington, for 
example, late harvest of spring oats and barley prevents timely prepa- 
ration of the ground for winter wheat. Many farmers who are grow- 
ing wheat exclusively find that they can sow and care for a larger 
acreage if they grow both winter and spring varieties than if they 
grow either exclusively. Spring wheat is sometimes. preferred to 
winter wheat where corn is the main crop, since it is often difficult 
to get a good stand of winter wheat after corn. In western Kansas 
and eastern Colorado the lack of sufficient fall rain to insure germina- 
tion often prevents the growing of winter wheat where it would 
otherwise be successful. 


30°F 


Fic. 2. Distribution of winter wheat in the United States and Canada. Each 
large dot represents 100,000 acres and each small dot, 5,000 acres. The iso- 
thermal lines connect points of equal mean daily temperature during January 
and February. 
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The change from spring to winter wheat when it is fully demon- 
strated that the latter is best is generally rather slow, due to con- 
servative markets and prejudice on the part of grower and buyer. 
For many years hard winter wheat sold at a discount as compared 
with either spring wheat or soft winter wheat. In certain localities 
west of the Rocky Mountains at the present time the hard winter 
varieties, Turkey and Kharkof, sell at a discount. 

Small acreages of winter wheat are grown in central and northern 
Minnesota and Wisconsin and in southeastern South Dakota. Special 
methods of culture, as seeding in corn stalks, or special conditions, as 
a heavy covering of snow, usually are necessary for its successful 
production. 


Fic. 3. Distribution of spring wheat in the United States and Canada. The 
circles represent 100,000 acres each and the dots, 5,000 acres. Isothermal lines 
connect points of equal mean daily minimum temperatures for January and 
February. 


The isotherms of 20° and 30° coincide very closely with the north- 
ern limits for winter barley and winter oats respectively, so far as our 
knowledge of the climatic limits of these crops allow conclusions. 
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Winter barley, according to Derr,” is confined to the states south of 
the Ohio and Platte rivers and west of the Rocky Mountains. At 
Manhattan, Kans., winter barley survives sufficiently to produce a 
good crop about four years out of five. Stephens states that it is 
grown extensively in Oregon only in Wasco and Umatilla counties 


in the Columbia River basin.2 The data are not sufficient to show the 


northern limit of this crgp, but it apparently bears a close relation to 
the daily minimum winter temperature as shown by the isotherm 
spieslon eel 

Warburton‘ shows by means of a shaded map the area in the United 
States adapted to winter oats as indicated by general observation and 
by experiments. He recommends them for as far north as southern 
Maryland, central Tennessee, central Arkansas, and southern Okla- 
homa, and states that they are grown to a limited extent in Utah, 
Oregon, and Washington. There is almost perfect agreement be- 
tween the northern limit of the culture of this cereal in the eastern 
United States, as shown by this map, and the isotherms of 30° F., as 
shown in figures 2 and 3. 

The absence of any correlation between the northern limit of winter 
cereal culture and snowfall is surprising. In the eastern United 
States, for example, where the snowfall is much greater than in cen- 
tral Nebraska, Montana, or southern Alberta, winter wheat appears 
not to be able to survive as low temperatures as in the last-named 
localities. In fact, considerable spring wheat is grown in Ontario 
south of the isotherm of 10° F. The lack of any correlation may be 
because a heavy snow increases the moisture content of the soil in the 
spring and so increases the danger from heaving. A heavy snow in 
the spring might therefore overbalance the protection afforded by a 
snow early in the winter. 


KANSAS AGRICULTURAL EXPERIMENT STATION, 
MANHATTAN, KANS. 


2Derr, H. B. Winter barley. U. S. Dept. Agr. Farmers Bul. 518, p. 7. 
IQI2. 

3 Stephens, D. E. Report of the Eastern Oregon Dry-Farming Branch Ex- 
periment Station, Moro, Oregon, 1913-14, p. 19. Oreg. Agr. Coll. Expt. Sta., 
IGI4. 

4 Warburton, C.W. Winter oats for the South. U. S. Dept. Agr. Farmers 
Bul, 430: p13. 21011: 
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INFLUENCE OF FERTILIZERS AND SOIL AMENDMENTS ON 
SOIL ACIDITY.* 


J. J. SKINNER AND J. H. BEATTIE. 


INTRODUCTION. 


An experiment with manures, fertilizers, and soil amendments con- 
ducted for eight years at the Arlington Farm of the U. S. Department 
of Agriculture has given an opportunity to study soil acidity, soil 
exidation, and other biochemical factors as influenced by fertilizers. 

Seven crops were grown, wheat, rye, clover, timothy, corn, cow- 
peas, and potatoes. Continuous cultivation of the same crop on the 
same plot year after year was practiced. Each of these crops occu- 
pied an area of I square rod, making seven crops for each fertilizer 
treatment. Adjoining each treated plot was an untreated plot grow- 
ing the same crop. This served as a check or control for the fertil- 
ized plot, and in this paper the data of a treated plot are always com- 
pared with those of the. adjoining untreated plot. The experiment 
occupied portions of five sections of the farm, the soil varying con- 
siderably in the different sections, so no comparisons between widely 
separated checks should be attempted. In each case the only fair 
comparison that can be made is between the treated plot and the ad- 
joining untreated plot. 

The treated and untreated plots are divided by a 3-foot path, and 
the portions of the plot growing different crops are divided by 2.5- 
foot paths. The plots then consist of a strip 1 rod wide, with seven 
subdivisions each 1 rod square, and parallel to them was a like strip 
with similar subdivisions, used as a control, growing the same crop. 

The soil on which the test was made is a heavy silty clay loam, 
rather poor physically, and low in organic matter. It is an acid soil 
which, when limed in sufficient amounts to neutralize the surface 6 
inches, within a few months becomes acid again. 

The experiment was begun in 1907; clover, timothy, corn, cowpeas, 
and potatoes were planted in the spring, and wheat and rye in the 
fall. Each succeeding year each crop was grown on the same plot 
as in the previous year. The fertilizers and materials added were 
applied annually before planting. 

1 Contribution from the Office of Soil Fertility Investigations, Bureau of 


Plant Industry, U. S. Department of Agriculture. Published by permission of 
the Secretary of Agriculture. Received for publication July 28, 1916. 
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Samples were taken of the plots in the summer of 1912, when the 
experiment had been running five years. Five borings were taken 
with a soil auger from each plot and a composite made. The lime 
requirements of the soil were determined by the Veitch method.? 
The oxidation power of the soil and other studies were made, but 
this paper concerns itself with only the acidity or lime requirements 
of the differently treated plots. 


EFFECT OF SULFATES ON SOIL ACIDITY. 


Among the fertilizers used in the experiments were several sulfates, 
and it is interesting to note the effect of this class of compounds on 
the reaction of the soil when applied year after year. Those included 
in the experiment are calcium sulfate, ferrous sulfate, manganese 
sulfate, copper sulfate, and potassium sulfate. As mentioned, seven 
plots, each growing a different crop, were fertilized with each of the 
chemicais and each treated plot lay next to an untreated plot growing 
the same crop, which is used asacheck. _ 

Calcium Sulfate—Calcium sulfate was applied to the plots each 
year at the rate of 500 pounds per acre. The first application was 
made in 1907. In the spring of each year the plots growing corn, 
cowpeas, and potatoes were treated and the fertilizer harrowed in 
shortly before planting time. The plots growing wheat and rye re- 
ceived their treatment each year in September, before the seeding 
was done. The clover-and timothy plots were treated before seeding 
when the experiment was started in 1907; thereafter the calcium sul- 
fate was applied to the surface each year in the early spring. 


TABLE 1.—Effect of calcium sulfate on the acidity of the soil producing various 
crops, as indicated by the pounds per acre of CaCO; required to 
neutralize the surface 6 inches. 


Crop. 
Treatment. imo- Pota- | Aver- 
Wheat.| Rye. | Clover. Gee Corn, coe a Bee) 
GML TEMEREALEG 5 laf. e's vclo's oe 2,130. |. I,710 | 1,430 | 5,780 | I,700 | I,780)) tener ag 
Soil + calcium sulfate. .... 2,170 | 2,140 | 2,140 | 2,140 | I,780 | 2,170 | 1,800 | 2,050 


Soil samples were taken from each individual plot in June, 1912. 
Five borings were made in each plot with a soil auger to a depth of 


2Veitch, F. P. The estimation of soil acidity and the lime requirements of 
scils. Jour. Amer. Chem. Soc., 24: 1120-1128. 1902. 
——. Comparison of methods for the estimation of soil acidity. Jour. Amer. 
Chem. Soc., 26: 637-662. 10904. 
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6 inches, and a composite of the five borings made. These samples 
were used to make the lime requirement tests. The lime requirement 
for each of the untreated plots and each plot receiving calcium sul- 
fate is given in Table 1. ‘The figures given are the number of pounds 
of calcium carbonate required to neutralize an acre 6 inches as de- 
termined by the Veitch method, 

In each plot the soil to which calcium sulfate. had been added is 
more acid than the untreated plot growing the same crop. The lime 
requirement of all the plots, untreated as well as those treated with 
calcium sulfate, is high, ranging from 1,400 pounds to 2,100 pounds 
per acre. The differences in lime requirement of the untreated and 
calcium sulfate treated plots in some cases is very small, yet in 
others the differences are very marked. For instance, the untreated 
wheat plot requires 2,130 pounds of lime and the calcium sulfate plot 
2,170 pounds, while with the clover plot the untreated soil requires 
1,430 pounds and the calcium sulfate plot 2,140 pounds. However, 
in each case the calcium sulfate plot has a higher lime requirement 
than its untreated check. The averages given in the last column 
show the untreated plots to have a lime requirement of 1,707 pounds 
and the calcium sulfate plots 2,050 pounds. 

Ferrous Sulfate—Ferrous sulfate was used in the experiment at 
the rate of 50 pounds per acre. The wheat and rye plots received 
their application in the fall of each year, and the clover, timothy, corn, 
cowpeas, and potatoes in the spring. The effect of ferrous sulfate 
on the acidity of the soil treated for five years is quite marked. The 
fertilization was begun in 1907 and the samples taken for analysis in 
1912. The results are given in Table 2. 


TABLE 2.—Effect of ferrous sulfate on the acidity of the soil producing various 
crops, as indicated by the pounds per acre of CaCO, required to 
neutralize the surface 6 inches. 


Crop. 
een ae By Tim Cow- | Pota Aver 
Wheat.| Rye. | Clover othy Corn peas. roee: age. 
moleunireated, ..3'........ AAG A TRO Neh. 7 60, 2,190 | 2,196 1.2, 317 | T,888 | 2,525 
_ Soil + ferrous sulfate...... 2,492 | 2,848 | 2,136 | 2,492 | 2,848 | 3,292 | 3,197 | 2,758 


An examination of the table shows that in all except one case the 
lime requirement of the soil is higher in the ferrous sulfate plots 
than in the untreated plots. Both the untreated and ferrous sulfate 
plots growing wheat required 2,492 pounds of lime. The differences 
in the lime requirement of the treated and untreated soil with the 
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cther crops is very marked. The greatest variation occurred in the 
potato plot; here the untreated soil had a lime requirement of 1,885 
pounds and the ferrous sulfate treated plot a lime requirement of 
3,197 pounds per acre. The averages given in the last column show 
an average lime requirement for the seven untreated plots of 2,125 
pounds per acre, while the average for the seven ferrous sulfate 
treated plots is 2,758 pounds per acre. 

Copper Sulfate.—The details of the experiment with copper sulfate 
and of the other sulfates to be given are the same as those of the 
two sulfates already given. Copper sulfate was applied annually at 
the rate of 50 pounds per acre. The soil when examined was found 
to be much more acid in the copper sulfate plots than in the untreated 
plots. The results are given in Table 3. 


TaBLeE 3.—Effect of copper sulfate on the acidity of the soil producing various 
crops, as indicated by the pounds per acre of CaCO, required to 
neutralize the surface 6 inches. 


Crop. 
Treatment. Tim C Pot © 
Wheat. | -Rye. | Clover. ‘hee Corn oie ee ih 
ae alas ae ae a eC | ESA Pate pee ee BL 
Soibuntrea ted. 2G ea 1,770 | 2,136 | 1,885 | 1,780 | 1,426; | 2,538 | tee4eee Ss 
Soil -+ copper sulfate...... 2,136 | 2,492 | 2,136 | 2,848 3,026. |, 2,780 1,760] 2.204. 


The difference in acidity of the treated and untreated plots is very 
marked, except in the plots growing potatoes. In this case the acidity 
is only slightly more in the copper sulfate plot than in the untreated 
one. The average lime requirements of the seven plots receiving the 
chemical was 2,314 pounds per acre against 1,753 pounds as an aver- 
age for the seven untreated plots. 

Manganese Sulfate —The results with manganese sutras show that 
it has the same effect on the reaction of the soil as the other sulfate 
compounds. Manganese sulfate was added annually at the rate of 
50 pounds per acre, and after five years of treatment the soil has be- 
come more acid than the unfertilized soil. In each case the treated 
plot is more acid than its check, except with the wheat plots, and here 
the lime requirements are the same. The average lime requirement 
of the seven manganese sulfate plots was 2,231 pounds per acre and 
that of the untreated plots, 1,963 pounds. The results for each plot 
are given in Table 4. 


a 


Fam 
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TABLE 4.—Effect of manganese sulfate on the acidity of the soil growing various 


crops, as indicated by the pounds per acre of CaCO, required to 
neutralize the surface 6 inches. 


Crop. 
Treatment. rs . ie mt 
Wheat.| Rye. | Clover. — | Corn, Peace keen | a 
| | ms 
Son Untreated............ 1,780 | 2,136 | 1,426 | 1,742 | £,780.| 2,136 | 29743 | 1,963 
Soil + manganese sulfate . | 1,780 | 2,492 | 1,780 2,136 | 2,492 | 2,402 | 2,451 | 2,231 


Potassium Sulfate—tThe results of the experiment with potassium 
sulfate are given in Table 7 in another connection, but for the sake 
of continuity will be given here briefly in connection with the action 
of the other sulfates. The potassium sulfate was applied annually 
at the rate of 100 pounds per acre and, like the other sulfates, pro- 
duced a more acid soil than the untreated, which is true with each 
set of plots. The increase in lime requirement over the check with 
the wheat plots was 510 pounds per acre; the rye plots, 254 pounds; 
clover plots, 612 pounds; timothy plots, 1,502 pounds; corn plots, 
534 pounds; cowpea plots, 356 pounds; and the potato plots, 303 
pounds per acre. : 

Potassium Sulfide —Potassium sulfide was also used and its effect 
seems to be similar to that of the sulfate. Potassium sulfide was ap- 
plied annually at the rate of 200 pounds per acre. The lime require- 
ments of the different plots are given in Table 5. 


TABLE 5.—Effect of potassium sulfide on the acidity of the soil growing various 
crops, as indicated by the pounds per acre of CaCO, required to 
neutralize the surface 6 inches. 


Crop 
Treatment, . | 
Wheat.| Rye. | Clover. ore | Corn se tee | hae 
Sohuntreated. ........... 2,848 | 2,136 | 2,136 | 2,140 | 1,780 | 2,670 | 2,090 | 2,257 
Soil + potassium sulfide. . .| 2,918 | 2,492 | 2,492 | 2,140 | 2,140 | 2,490 | 2,140 | 2,402 


The differences between the treated plot and its check in each case 
are small, yet in each case except two the lime requirement of the 
potassium sulfide treated plot is greater than that of the untreated 
plot growing the same crop. In the wheat plots the untreated soil 
had a lime requirement greater than the treated plot and in the timo- 
thy plots the lime requirement was the same in both. The average 
lime requirement of seven plots receiving potassium sulfide was 2,402 
pounds per acre, while that of the check plots was 2,257 per acre. 
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The increased acidity of the soil in cases where the sulfates were 
added was probably due in some cases to the utilization of the base 
by plants, as potassium and calcium, or by chemical reactions going 
on in the soil. Some of these compounds, as copper, manganese, and 
iron sulfate, have a catalytic action in the soil, affecting its oxidation, 
enzymotic action, and other life activities in such a way as to produce 
different effects in the soil, depending on its characteristics. Withthe 
soil in this experiment the conditions have undoubtedly been such as 
to promote the activities which tend to produce acidity; in this case 
the effect of such compounds on the acidity is an indirect one and 
their influence would be different with different soils. The amount 
of copper, manganese, and iron sulfate added is not commensurate 
chemically with the acidity which has developed in the soil with its use. 


EFFECT OF CARBONATES ON SOIL ACIDITY. 


Calcium Carbonate—In this soil amendment experiment lime 
(CaCO,) was used on several plots and in different amounts. One 
of these sets of seven plots was limed annually at the rate of 300 
pounds per acre, and while this soil did not remain neutral under the 
crop management practiced, its lime requirement at the end of five 
years was much less than its untreated or check plot. On other plots 
where lime was applied annually for five years at the rate of one ton 
per acre, the soil was found to be neutral. The soil under study is 
naturally an acid one and requires lime annually in cone quan- 
tities to keep it in a neutral condition. 

Magnesium Carbonate—lIn addition to the calcium carbonate in- 
teresting results were also secured with magnesium carbonate, which 
was applied annually at the rate of 200 pounds per acre. At the end 
of five years the soil was found to be acid but not so much as the un- 
treated plots. In four cases the lime requirement was the same in 
the magnesium carbonate plot as its check plot, and in three cases the 
acidity was less where magnesium carbonate was used. The results 
of the lime requirement determinations are given in Table 6. 


TasLe 6.—Effect of magnesium carbonate on the acidity of the soil growing 
various crops, as indicated by the pounds of CaCO, per acre required 
to neutralize the surface 6 inches. 


Crop. 
Treatment 
; Timo- - | Pota- | Aver- 
Wheat.| Rye. | Clover. re Corn ae pes) imei 
LER Pa eS ELT as [yn NNER PaemMeESa RT Atami ie 
SOM AMMETeACE iP e cietarte aot 1;780.| 2,136 | 1,426:|'2,136 | 1,780 | 2,136 | 2,742) @.0n8 
Soil + magnesium carbonate] 1,780 | 2,136 | 1,426 | 1,742 | 1,780 |°L,307 | 1, 74a legge 
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The average lime requirement of the seven treated plots was 1,715 
pounds per acre, and of the seven check plots 2,018 pounds per acre. 
In no case was the magnesium carbonate plot more acid than the 


check. 


EFFECT OF ACID PHOSPHATE, SODIUM NITRATE, AND POTASSIUM SULFATE ON 
SOIL’ ACIDITY, 

Acid phosphate, sodium nitrate, and potassium sulfate, the com- 
monly used fertilizers, have different effects on the reaction of the 
soil. It is commonly accepted that soil continually fertilized with 
sodium nitrate, the nitrate being utilized, eventually becomes alkaline 
and that this alkalinity causes a sticky physical effect, producing an 
undesirable soil for crop growth and cultivation. Potassium sulfate, 
on the other hand, is considered to have the opposite effect, as the 
potassium is utilized, leaving the acid radical and tending to produce 
an acid effect in the soil. It has recently been shown. by Conner® at 
the Purdue University Agricultural Experiment Station that soils 
treated with acid phosphate for twenty years show less acidity than 
soils that have not had phosphate. This, however, probably varies 


with the nature of the soil, for in this experiment on the Arlington 


silty clay loam the acid phosphate plots became more acid than the 
untreated soil but not so acid as the potassium sulfate plot. 


TaARLE 7.—Effect of fertilizers on the acidity of the soil growing various crops, 
as indicated by the pounds per acre of CaCO, required to neutralize 
the surface 6 inches. 


Crop. 
Treatment. Tim Cc Pot A 

Wheat.| Rye. | Clover. athe: Corn. ead sek) : hee 
Soil untreated, check A....| 1,836 | 1,607 | 1,426 | 1,780 | I,707 | 1,780 | 1,815 | 1,708 
Soil + sodium nitrate..... #201) 12760 | 1,280)| £426 | 5,426 | 1,780 | 1,780.| 1,587 
Soil + acid phosphate..... O40. 1.780.) 1,790) 5,003 | L,8285. | 2,171.) 2,136 | 1,073 
Soil untreated, check B....| 1,726 | 1,526 | 1,346 | 1,602 | 1,602 | 1,780 | 1,938 | 1,646 
Soil + potassium sulfate. ..| 2,136 | 1,780 | 1,958 | 3,104 | 2,136 | 2,136 | 2,241 | 2,212 
Average of Checks A and B| 1,782 | 1,566 | 1,386 | 1,691 | 1,654 | 1,780 | 1,876 | 1,677 


The plots with these fertilizer treatments lay adjoining ; there were 
seven plots of each fertilizer treatment, each plot growing a different 
crop. An untreated set of plots lay next to each fertilized plot. The 
plots were situated so that the results from the differently treated 


-, plots growing the same crop were comparable with one another as 


well as with their check plots. The test was conducted in detail as 


8Conner, S. D. Acid soils and the effect of acid phosphate and other fer- 
tilizers upon them. Jour. Ind. Eng. Chem., 8: 35-41. 1916. 
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those already given; acid phosphate was applied annually before 
planting at the rate of 200 pounds per acre, sodium nitrate at the rate 
of 150 pounds per acre, and potassium sulfate at the rate of 100 
pounds per acre. The results of the lime requirement test made after 
five years of fertilization are given in Table 7. . 

In the table the lime requirement of the two check plots is given. 
Check plot A lay first and next to the sodium nitrate plot, and check 
B is the fourth plot and lay between the acid phosphate and the potas- 
sium sulfate plot, serving as a check for both. It is observed that the 
lime requirement of the two check plots is very close together, check 
A being in most cases somewhat more acid. The averages of the two 
checks are given in the bottom line of the table and will be used in 
comparing the acidity of the fertilized plots. 

Considering the sodium nitrate plots, all are shown to be quite acid, 
but only two show a higher lime requirement than their check. With 
the rye and potato plots the check plots are less acid, and in the cow- 
pea plots the lime requirement was the same in both treated and un- 
treated soil. In the wheat, clover, timothy, and corn plots the sodium 
nitrate soil was less acid than the untreated soil. The average lime 
requirement of the seven sodium nitrate plots was.1,587 pounds per 
acre, against an average of 1,677 pounds for the checks. Where 
acid phosphate was used the acidity of the soil was found to be greater 
than in the unfertilized check. This was true in each of the plots. 
The average lime requirement of the acid phosphate plots was 1,973 
pounds per acre and that of the check plot lying next to it was 1,646 
pounds per acre. The potassium sulfate plots were also in every case 
more acid than the checks. The average lime requirement of the 
seven potassium sulfate plots was 2,212 pounds per acre against an 
average of 1,677 pounds for the checks. The potassium sulfate 
caused a greater acidity than the acid phosphate. 


EFFECT OF STARCH AND MANURE ON SOIL ACIDITY. 


Among another class of substances in this experiment were several 
organic materials, and the acidity of the soil as affected by starch was 
determined. To the plots concerned potato starch was added an- 
nually at the rate of 500 pounds per acre. This was applied before 
planting and harrowed in, except on the clover and timothy plot, 
where it was spread on the surface in the spring of each year. 

Each of the seven starch plots were more acid than the correspond- 
ing check plots after five years of treatment. The differences in the 
lime requirements in the various plots are small, yet they are con- 
sistent throughout the series. The results are given in Table 8. 


‘ 


« 
: 
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Tape 8—Effect of starch on the acidity of the soil growing various crops, as 
determined by the pounds per acre of CaCO, required to neutralize 
the surface 6 inches. 


Crop. 

Treatment, ie 3 ; 

Ti - i Cow- | Pota=- Aver- 

| Wheat. ar Rye. ie Ra AeetSe |! eskaww'\ thea) | age. 

| | | | 

—_—————— ——| Six) | — 
OO Ss 2,850 = 2,490 | 2,140 | 2,040 | 2,240 | 2,530 | 2,530 | 2,403 
NS 2,490 | 2,670 | | 2,240 | 2,140 | 2,850 | 3,140 | 2,880 | 2,630 


As seen in the table, the average lime requirement of the seven 
starch plots was 2,630 pounds per acre, while that for the seven check 
plots was 2,403 pounds per acre. The decomposition of this organic 
matter in the soil has produced an acidity greater than is normal for 
this soil. The influence of organic materials incorporated in soils on 
its acidity is undoubtedly determined by the process of its decompo- 
sition, which is influenced by the nature of the material added, the 
character of the life processes in the soil, such as bacteria, enzymes, 
etc., and other soil characteristics. Materials of this nature may pro- 
duce an altogether different effect in some other soil which has better 
oxidative power and enzymotic activities. 

In this connection the effect of stable manure in producing acidity 
in the soil is interesting. Well-rotted stable manure was added to the 
soil in-amounts of 4 tons per acre annually. To another plot the 
manure thoroughly leached was added, and to a third the leachings 
from the manure were added. The operation was done by spreading 
cheese cloth over the plots which were to receive the leachings only 
and spreading the desired amount of manure over the cloth. The 
boundaries of the plot were banked in such a way that none of the 
leachings could run away. This operation was done early in the 
spring, during a rainy spell, and additional water was sprinkled over 
the manure from time to time so as to assure a thorough and effective 
leaching. The manure after leaching consisted principally of the 
straw bedding material and coarse material of the manure. This was 
then put on the plot which was to receive the leached manure and 
worked in. Four tons of manure per acre were used for the leaching 
experiment. 

The experiment consisted of five plots, each divided into seven 


_ parts and each part growing a different crop. Plot No. I was a check 


and received nothing; No. 2 received the stable manure; No. 3 the 
leached manure; No. 4 was a check; and No. 5 received the leachings 
from the manure. These treatments were applied each year before 
planting, beginning in 1907. The lime requirement was determined 
in each of the plots in 1912 and is given in Table 9. 
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TABLE 9.—Effect of manure on the acidity of the soil growing various crops, as 
determined by the pounds per acre of CaCO, required to neutralize » 
the surface 6 inches. 


Crop. 

Plot Treatment, : 
we Wheat.} Rye. | Clover. a Corn. en | aia | a 
I Soil untreated..... 2,367 | 2,476.| 2,536. | 2,436 | 2;376 | 2,402 ueeseeo08.472 
2 Soil -- manure... .| 2,848 | 2,492 | 2,562 | 1,780 | 2,402 | 1,426 |)a,790)) 2,207 

3 Soil + leached 

TMATNIGC race onererol obs 3,282 | 3,560 | 3,104 | 2,402 '| 2,402 | a,20 Aeon ea oes 
4 Soil untreated..... 2,490 | 2,613 | 2,753 | 2,002 | 2,431 | 2,542 (ee.a me 507 
5 Soil + leachings...| 1,958 | 2,136 | 2,136 |°2,136 | 1,424 |)2,2405)9235400n2.024 
Average of checks .| 2,428 | 2,544 | 2,644 | 2,561 | 2,403 | 2,517 | 2,538! 2,520 


The table shows that as an average of seven manured plots the lime | 


requirement is less in the manured plot (No. 2) than in the check 
plots (Nos. 1 and 4). With four of the crops the manured plot was 
less acid than its check ; with the other three crops the manured plots 
were more acid than the checks growing the same crop. The plot 
receiving the leached manure (No. 3) was much more acid than its 
check or the manured plot (No. 2), and the plot receiving the leach- 
ings was not as acid as the checks or any of the manured plots. 

Considering the averages of the seven plots of each treatment, 
check No. 1 had a lime requirement of 2,473 pounds per acre; the 
second check (plot No. 4) had a lime requirement of 2,567 pounds 
per acre; the manured plots (No. 2) a lime requirement of 2,197 
pounds ; the leached manured plots, 3,085 pounds; and the plots re- 
ceiving the leachings from the manure (No. 5), a lime requirement 
of 2,024 pounds per acre. 

The constituents and character of the materials incorporated in the 
soil in this test have produced different effects. The manure, robbed 
of its salts and of its soluble nitrogenous and other organic sub- 
stances, has produced the greatest acidity. The soluble part of the 
manure, including both the organic and inorganic constituents, has 
produced conditions which cause a less acid condition than the un- 
treated soil. The degree of acidity of the plots receiving the whole 
manure (No. 2) is in harmony with the condition of the plots receiv- 
ing the separate parts of the manure (Nos. 3 and 5), for its lime 
requirement is less than the plots receiving the leached manure (No. 
2) and more than the plots receiving the leachings (No. 5). This 
substantiates the idea that the straw and insoluble part of the manure 
by its decomposition in the soil has produced conditions which in- 
crease its acidity, and the soluble inorganic and organic portions have 
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produced the reverse conditions, decreasing the normal acidity of 
the soil. 
SUMMARY, 


In an experiment growing wheat, rye, clover, timothy, corn, cow- 
peas, and potatoes, conducted on a heavy silty clay loam at Arlington, 
Va., calcium sulfate, ferrous sulfate, manganese sulfate, potassium 
sulfate, and potassium sulfide added singly to the soil annually for 
five years increased its acidity. 

Magnesium carbonate decreased the acidity of the soil. Soil fer- 
tilized with sodium nitrate was less acid than the untreated soil or 
soil fertilized with acid phosphate or potassium sulfate. Acid phos- 
phate fertilization increased the acidity of the soil, but not as much 
sO as potassium sulfate. ; 

Organic materials affected the soil differently as to causing acidity. 
Starch caused increased acidity; stable manure slightly increased 
acidity, which was still greater with manure leached of its soluble 
organic and inorganic substances. ‘The leachings from manure pro- 
duced less acidity than the untreated soil and less than the whole 
manure or leached manure. The nature of the decomposition of the 
organic material in the soil and the character of the life processes in 
the soil affects the influence of such substances on soil acidity. 


BurReEAU OF PLANT INDUSTRY, 
U. S. DEPARTMENT OF AGRICULTURE, 
WASHINGTON, D. C. 


A METHOD FOR DETERMINING THE PERCENTAGE OF 
~SELF-POLLINATION IN MAIZE." 


A. E. WALLER, 


Outo STATE UNIVERSITY, COLUMBUS, OHIO. 


In genetic studies or in field practice the seed-corn grower often 
finds that a small culture, if the number of individuals is not in- 
creased, soon consists of more or less closely related individuals 
and a decrease in yield and general vigor of the plant is the normal 
result. While it is generally recognized that there is some self- 
pollination in a field of corn, it would be interesting to know just how 


frequently it occurs naturally. So far as the writer knows, no method 


1 Received for publication June 26, 1916. 
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has been devised for determining the amount of crossing or selfing 
that takes place under field conditions. The fact that the number of 
pollen grains given off from a single plant is estimated in the millions 
suggests the great opportunity for crossing. 

The appearance of dwarfs, plants lacking in chlorophyll, and vari- 
ous other abnormalities supposed to be recessive and carried latent, 
being hidden by normal (dominant) conditions, can be explained on 
the Mendelian basis only upon the supposition of a previous self- 
pollination. This is because there is always a greater chance of 
bringing out recessive characters when closely related individuals are 
paired. 


In the experiment here described the method used to determine 


the amount of selfing was quite simple. It consisted of planting hills 
of white corn in a field of yellow. At the time the corn tasseled two 
of the three plants in each hill of the white were detasseled. The 
ears were harvested from the plants upon which the tassels were 
allowed to remain. ‘Those kernels which had been cross-pollinated 
were yellow, due to xenia, while those which were self-pollinated 
were of course white. 

In order to insure normal crossing between the white and yellow 
varieties it was necessary to procure two varieties which mature about 
the same time. For this purpose a selection of Reid’s Yellow Dent 
developed at the Ohio State University and Wing’s Hundred-Day 
White were used. So far as time of shedding pollen was concerned 
this was a fortunate combination. 

The hills containing the white corn were spaced every eleventh row 
east and west, a distance of 38% feet from hill to hill, and every 
tenth row north and south, a distance of 35 feet from hill to hill. 
Naturally, climatic conditions would affect the distance apart the 
hills could be spaced without danger of pollen infection from one 
white hill to another. When thoroughly dried, the numbers of yellow 
and of white kernels were counted. The results are shown in 
Mable x1. 

Only one pair of endosperm characters was contrasted in this 
experiment, 7. ¢., white and yellow. Had two contrasting pairs such 
as color and composition of endosperm been employed the classifica- 
tion of the grains would have been much easier. The yellow was 
often so weak that it was difficult to distinguish between white and 
yellow kernels. This was perhaps because in the endosperm forma- 
tion there was only one set of determiners for yellow, that brought 
by the second nucleus of the pollen grain, to two sets of determiners 
for white, those which were contained in the double endosperm 
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nucleus. In endosperm formation in maize the second nucleus from 

the pollen fuses with the two polar nuclei in triple fusion; if the 
male nucleus is the bearer of determiners for a dominant character 
expressing itself in the endosperm, the phenomenon called xenia then 
results. In this experiment if, instead of using one recessive endo- 
sperm character, white color, a second such as sugary condition of 
the endosperm had been combined with it, the chance for making a 
mistake in the classification and counting would largely have been 
eliminated. However, it would have been difficult to obtain a variety 
of white sweet corn maturing at the same time the field corn matured, 
and a series of plantings would have been necessary. 


TABLE 1.—Number of yellow (cross-pollinated) and of white (selfed) kernels 
on ears of white corn, with percentage of selfed kernels. 


Ear Number Number Percentage Rap | Number Number Percentage 
Ne of yellow of white of selfed No of yellow of white of selfed 
7 kernels. kernels. kernels. ; kernels. kernels, kernels, 
I All fe) fe) 20 651° 50 its 
2 °379 II2 23.10 21 691 23 3.20 
3 704 5 0.70 22 517 3 0.58 
4 214 7 3.16 23 428 14 3.16 
5 564 I5 2.58 24 342 82 18.06 
6 369 13 3.40 25 653 28 4.11 
¥ All a Oo ot 671 z 0.44 
8 633 29 4.38 28 668 I5 2.19 
9 496 2I 4.06 29 793 8 T.00 
me) All fe) (0) 30 383 e) fe) 
nz 629 fe) fo) 31 806 8 0.98 
I2 678 26 3.69 ag 664 55 7.64 
I3 601 29 4.60 23 744 24 Cae, 
14 496 143 22.37 34 773 78 9.16 
aS 665 21 3.06 35 614 31 4.80 
16 425 63 12.93 36 5290 26 4.68 
17 695 II 1.55 Si 616 34 5-23 
18 586 89 13.18 38 344 54 13.50 
19 639 oF 3.18 ————————q€r mm  — —-—- 
AVOCTAGE 4 uti s <2 BS Re aha. 552 
CONCLUSIONS. 


1. The average amount of self-pollination obtained under these 
conditions was 5.13 percent, but this figure may not represent the 
percentage of self-pollination taking place under all field conditions, 
since humidity and wind are factors which determine the zone of 
infection between hills. To obtain significant figures the experiment 
should be repeated for several years. : 

2. Better examples of the effect of xenia can be obtained when 
more than one contrasting pair of characters are employed. 


Onto STATE UNIVERSITY, 
- COLUMBUS, OHIO. 
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A METHOD FOR DETERMINING THE VOLUME WEIGHT OF 
SOILS IN FIELD CONDITION.* 


CHARLES F. SHAw. 


In physical and chemical soil studies the determinations of soil 
moisture, lime, alkali, plant-food ingredients, etc., are most commonly 
and conveniently reported as percentages by weight, based on water- 
free soil. When it is desirable to know the total amount of material 
_ In the soil studies, it becomes necessary to know the weight of a unit 
volume of the soil or to know the volume weight. In irrigated farm- 
ing this knowledge is especially valuable. The wilting point and the 
total water-holding capacity of the soil can be determined, and from 
these the avaliable water can be calculated. But as irrigation water 
is purchased by volume measurements and is expensive, we need to 
know the volume of water in the soil and the added volume needed 
to bring the moisture to the desired amount. 

There are several methods of determining the volume weight, or 
apparent specific gravity, of soils. These may be classed under two 
general heads, those where the measurements are made on disturbed 
soil and those where the measurements are made on soils in their 
natural field condition. The first class is best exemplified by the 
common laboratory method in which the air-dry or oven-dry soil is 
placed in a brass cylinder or other suitable container, compacted by 
some arbitrary method, and the weight and volume determined. Of 
the second class the most common is the so-called King tube method, 
in which a tube with a suitable cutting edge is forced into the soil for 
a measured distance and the weight of the enclosed soil used as the 
basis for determining the volume weight. 

The first method has the obvious weakness of dealing with a dis- 
turbed soil, and through manipulation of the soil, the results obtained 
may show a volume weight much greater or much less than that 
which existed in the original undisturbed or field condition. The 
second method gives a closer approximation to the true condition but, 
particularly in heavy soils, the pressure needed to force the tube into 
the soil causes appreciable compaction of the soil ahead of the tube, 

1 Presented at the ninth annual meeting of the American Society of Agron- 


omy, Washington, D. C., November 13, 1916. Contribution from the Labo- 
ratory of Soil Technology, University of California. 
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modifying the results. In stony or gravelly soils it is almost im- 
possible to use the tubes with any degree of satisfaction. 

The method about to be described is not new. It was worked out 
by the author in 1908 at the Pennsylvania State College, and a brief 
description was published in 1909 by B. E. Brown and W. F. Cree.’ 
A somewhat similar method is mentioned by Stevenson,® and one 
almost identical was worked up by Dr. Rudolf Trnka.* This 
method has been termed the paraffine immersion method. While it 
is difficult to handle, it offers a means of making very accurate de- 
terminations on all but the more sandy soils. In our experiments 
blocks of soil about 1 foot square and 6 inches deep were carefully 
cut from the soil mass and lifted on broad-bladed spatulas to a table, 
where the block was divided into smaller blocks, from 4 to 6 inches 
square and 6 inches deep. In subdividing the block great care was 
taken to preserve the full 6-inch depth and the general cross section, 
but the exact shape or size of the cross section was not so important. 
From the base soil secured in preparing these blocks, small samples 
were taken for moisture determinations, in order to correct the 
weight to the water-free basis. 

The blocks were placed on a weighed support or dipping device and 
carefully weighed, then dipped several times in melted paraffine. The 
coating of paraffine should be heavy enough to stand some necessary 
handling and should be waterproof. After cooling, the blocks were 
weighed to determine the amount of paraffine taken up. The paraf- 
fined soil was then weighed in water, the difference in weight show- 
ing the weight of the water displaced. In some of our work, in- 
stead of weighing in water, the volume was determined by actual 
measurement of water displacement, either by placing the block in a 
container of known capacity and measuring the amount of water 
needed to fill, or by immersing in a vessel full of water and measur- 
ing the water that flowed from the outlet. 

After the weighing or measuring was completed the block was 
broken up to recover the paraffine and to note any unusual features, 
such as worm holes, excessive quantities of roots or stones, or any 
other feature that would make the sample exceptional. In some 


2 Brown, B. E., MacIntire, W. H., and Cree, W. F. Comparative physical and 
chemical studies of five plats, treated differently for twenty-eight years. In 
Ann. Rpt. Pa. Agr. Expt. Sta. 1909-10, pp. 96, 97. 1910. 

3 Stevenson, W. H. A new soil sampler. Iowa Agr. Exp. Sta. Bul. 94, 31 p., 
9 fig. 1908. a 

4Trnka, Rudolf. Eine Studie tiber einige physikalischen Eigenschaften des 
Bodens. Internat. Mitt. fiir Bodenkunde, bd. 4, heft 4/5, p. 363-387. 1014. 
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cases, where an unusual number of pebbles was present, they were 
collected, washed, dried, and weighed. Their volume was then de- 
termined by immersing in a graduated cylinder and suitable deduc- 
tions made from the soil figures. 

From the data thus obtained the volume weight was calculated by 
the following formula: 


M(100 — P)—R 
V—(N—M)—-R 
9 


7=S= Volume weight, where 


M = weight of soil in field condition; 
N = weight of soil and paraffine; 
V =volume of soil and paraffine; 
P = percentage of water in the soil; 
R= weight of stone in the soil; 
Rk’ = volume of stone in the soil; and 
.Q = specific gravity of the paraffine. 
The volume and weight of the dipping device being constant, they are not 
included in M, N, and V. 


The results shown in Table 1 were obtained at the Pennsylvania 


State College in 1908 and 1909 by using this method. 


TABLE 1.—Weight per cubic foot of soil as determined by the paraffine immer- 
sion method. 


Plot No. Treatment. No. of trials. | Volume weight. | Weight per cubic 
foot, lbs. 
I Check 6 1.3366 -83.479 
2 Dried blood 3 1.3410 82.910 
3 Dissolved bone black 2 1.2850 80.250 
4 Muriate of potash 2 1.2500 78.160 
5 N—P 4 I.2000 75.005 
6 N-—-K 4 I.3160 82.100 
9 N—-P-—-K 8 1.36075 85.310: 
I5 P—K 3 T.AEOOm 88.180 
Average 33 | 1.3128 j 81.923 


In making calculations for fertilizer treatments on these plots, the 
experiment station had been using 70 pounds as the weight per cubic 
foot of this soil. 

In the summer of 1916, in cooperation with Mr. O. W. Israelson, 
of the Division of Irrigation Investigations of the California station, 
measurements were made on the Willows clay, a compact silty clay 
having a dense structure. Water percolates into this soil very slowly, 
making irrigation very difficult. In this work extreme care was 
taken to get accurate results, although we were somewhat handi- 
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capped by the necessity of doing the work in the field, over 100 miles 
from the laboratory. The samples were taken at about 6-inch depths, 
though the necessity of leveling off the column before taking the next 
sample reduced the depths somewhat. Samples were taken to a 
depth of 5 feet, being cut from the side of a large hole which was 


dug to facilitate getting at the soil. The results are shown in 
Table 2. 


TABLE 2.—Volume weight of Willows clay at various depths, as determined by 
the laboratory and the paraffine immersion methods. 


Volume weight, 
Depth of soil, i ih iy yes : : 5 
pepe) eoe, taches. Laboratory method (average of Paraffine immersion method (average 
12 determinations). of 3 determinations), 

te 5 1.671 +.004 
8-13 1.702 +.008 
15-20 1.380 +.007 1.784 +.007 
22-27 1.802 +.002 
28-33 1.802 +.007 
35-40 I.792 +.000 
42-47 149) 5) 7 pee OEE 
48-53 oe 0%4 1.741 +.010 
ee T.54T .028 
PVETASE sl... 1.350 +.008 1.733 £-035 


Tt will be noted that the results in this case agree with those from 
Pennsylvania in indicating that the soil in its natural field condition 
is much heavier than is indicated by the laboratory method. In the 
article already mentioned, Trnka also cites results showing the natural 
soil condition to be consistently more dense than the laboratory 
methods show. ‘There seems to be sufficient evidence that the older 


_methods gave results that were quite different from those existing in 


the field, emphasizing the necessity for more careful study by more 
accurate methods. 

During 1915 and 1916 Mr. O. W. Israelson and others in the 
Division of Irrigation Investigations at the California station, work- 
ing in cooperation with the Farm Irrigation Investigations of the U. 
S. Office of Public Roads and Rural Engineering, developed a new 
method for rapid approximate determinations of volume weight of 


‘soils in the field condition. This will be more fully discussed in a 


later publication, and will be but briefly mentioned here. 

The apparatus consists of a straight-sided soil auger of the post- 
hole type—a cylinder with two side cutting edges,—a long tube of thin 
rubber of slightly smaller diameter than the auger, a large graduated 


2 cylinder, and a hand pump. A hole is bored to the desired depth, 
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all the soil being carefully collected, sampled for moisture, and 
weighed. The rubber tube is carefully inserted in the hole, and 
water is measured in until the tube is filled to the top of the hole. 
The water is then pumped out, and the tube removed and dried. The 
process is repeated until the final desired depth is reached. This 
method, when checked against the paraffine immersion method, gave 


very close results. On the Willows soil the rubber tube method 


showed a volume weight of 1.744 + .o10 while the paraffine immer- 
sion method gave 1.733 + .035. Checked against the laboratory 
method the rubber tube method gave the results shown in Table 3. 


TaABLe 3.—V olume weights of various soils as determined by the laboratory and 


the rubber tube methods. 


Volume weight. 


Soil, 
Laboratory method, Rubber tube method, 

Fine sandy loam I.20 1.280 
Loam eae I.210 
Clay tas T.259 
Clay loam Tre 1.398 
Clay 1.34 1.642 
Silty clay 1.38 1.741 

do. 1.35 1.750 
Fine sandy loam 1.28 I.II2 
Loam 1.20 1.289 
Clay loam I.35 L.272 


These figures show that there usually is a marked difference be- 
tween the results obtained by the two methods, and further empha- 
size the importance of a more careful study of the problem. 


LABORATORY OF SoIL TECHNOLOGY, 
UNIVERSITY OF CALIFORNIA, 
BERKELEY, CAL. 
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AGRONOMIC AFFAIRS. 


THE SOCIETY IN 1917. 


The American Society of Agronomy is now entering on its tenth 
year. Organized on December 31, 1907, it has grown to a society 
of more than 600 members in nine years. Its membership has in- 
creased most rapidly during recent years, largely because the issu- 
ance of a journal has greatly increased its interest to agronomic 
workers. With the greater frequency of issue incident to the cur- 
rent volume, this interest should be heightened and the membership 
still largely increased. The Society should have every agronomic 
worker in the United States and Canada on its roll, with many repre- 
sentatives in other countries as well. By the end of its tenth year it 
should have at least 750 members. If only one in four of the pres- 
ent members brings in a new member during the year the 750 mark 
will be more than passed. The Secretary is doing what he can to 
bring the Society to the attention of nonmembers, by means of cir- 
cular letters and sample copies of the JouRNAL, but a personal invi- 
tation is a far more effective means of inducing men to join. 

With the increasing membership, each member receives more from 
the Society. In 1916; 25 percent more pages of agronomic matter 
were printed in the JourNAL than in the previous volume. There 
will be a further increase in 1917. Of more importance, however, 
is the greater frequency of publication. At a meeting of the Execu- 

tive Committee in November, the publication of nine numbers in 
1917 was authorized, these to appear monthly from January to 
May and from September to December. It is the plan to have the 
JouRNAL appear about the fifteenth of each month. This more fre- 
quent and regular publication should add to its value and usefulness. 
Papers on agronomic subjects are solicited, especially those from 2 
to 8 pages in length. Longer papers are frequently accepted and 
are always useful, but it is the aim of the Editor to have matter in 
the JoURNAL presented in crisp, concise form. A’ short paper will 
often be read in its entirety, while a longer one will be read by title 
only and then put aside for reading at a more convenient time, with 
the result that it is not read at all. 

The annual meeting of the Society in Washington in November 
was a markedly constructive one. The committees of the Society 
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are doing excellent work and are formulating plans of much value. 
Agronomic workers everywhere should know of this work and 
should help init. This knowledge and cooperation can be gained only 
by membership in the Society. The series of papers on agronomic 
terminology contributed by the committee on that subject will be con- 


tinued from time to time during the year, and other series of in-. 
terest and value are projected for the JournaL. If we work to- 


gether, we can make 1917 by far the best year that the American 
Society of Agronomy has ever known. Will you not ask at least 
one man to join the Society today? 


ANNUAL DUES OF MEMBERS. 


Two changes were made in the by-laws of the Society at the No- 
vember, 1916, meeting, both of which affect the payment of annual 
dues. These are recorded in the minutes of the meeting published 
in the November—December JourNAL, but for convenience are re- 
produced here, the changes being printed in italics: 

1. The annual dues for each active and associate member shall be $2.00, and 
for each local member 50 cents, which shall be due and payable on January 1 
of the year for which membership is held. 

2. The Journal of the American Society of Agronomy shall not be sent to 
any member whose dues are not paid by April 1 of the year for which member- 
ship 1s held. 

According to these by-laws, dues are now payable on January I 
instead of April 1, and membership in the Society lapses unless 
dues are paid within the calendar year for which membership is 
held. In the past, lapsed members received the JouRNAL through 
an entire year and until April 1 of the year following, for which the 
Society received no payment. Now, the delivery of the JouRNAL 
is stopped on April 1 of the year for which membership is held, if 
dues are not paid by that time. This seems to be an eminently fair 
arrangement, as those who are not sufficiently interested in the 
Society to pay its annual dues certainly have little interest in the 
JouRNAL, while the expense of sending the magazine to them is not 
a justifiable charge against those who pay the membership feé regu- 
larly. Members are urged, therefore, to remit their dues for 1917 
promptly to the Treasurer, Prof. George Roberts, Experiment Sta- 
tion, Lexington, Ky. Prompt remittance will not only lessen the 
work of that faithful officer but will insure prompt and regular de- 
livery of the JouRNAL through 1917. 


AGRONOMIC AFFAIRS, 45 


MEMBERSHIP CHANGES. 


The membership of the Society at the end of 1916 was 586. 
Since that time 24 new members have been added, 1 has been rein- 
stated, and 2 have resigned, making a net gain of 23. ‘The member- 
ship of the Society, therefore, is now 609. The names and addresses 
of these men, with such changes of address as have been reported to 
the Secretary, follow. The address of one member, Robert K. 
Bonnett, which was incorrectly given in the address list published in 
the preceding number of the JouRNAL, is also printed here. 


New MeEmMpBers. 


Avsert, A. R., Dept. of Soils, College of Agriculture, Madison, Wis. 
Brewer, HerBerT C., The Barrett Company, 17 Battery Place, New York, N. Y. 
Briccs, GLen, 318 West St., Stillwater, Okla. 

Brocxson, W. I., Agr. Expt. Sta., University of Illinois, Urbana, III. 
Curtis, Harry P., 1103 West Springfield Ave., Urbana, III. 

Douctias, J. P., 402 East Chalmers St., Urbana, III. 

Gray, SAMUEL D., Bur. Plant Indus., U. S. Dept. Agr., Washington, D. C. 
Hanson, Lewis P., Dept. of Soils, College of Agriculture, Madison, Wis. 
Harian, Harry V., Bur. Plant Indus., U. S. Dept. Agr., Washington, D. C. 
HASKELL, E. S., Farm Management, U. S. Dept. Agr., Washington, D. C. 
Honcson, E. R., Agr. Expt. Sta., Blacksburg, Va. 

Hutsert, Harotp W., Farm Crops Dept., Iowa State College, Ames, Iowa. 
Huston, H. A., German Kali Works, 42 Broadway, New York, N. Y. 
Jostyn, H. L., Craven Co. Farm Life School, Vanceboro, N. C. 

Ketiy, E. O. G, Wellington, Kans. 

Kemp, ArRNoiD R., 402 Chalmers St., Champaign, III. 

Loneman, O. S., Olds Agricultural School, Olds, Alberta, Canada. 

Morison, A. T., Dept. Agronomy, Agr. Expt. Sta., Urbana, Ill. 

Moynan, JoHN C., Cereal Husb. Dept., Macdonald College, Quebec, Canada. 
NortuHrop, Ropert S., Box 442, Redding, Cal. 

OsSENBRUG, ALBERT, Bur. Plant Indus., U. S. Dept. Agr., Washington, D. C. 
Park, J. B., Farm Crops Dept., Ohio State University, Columbus, Ohio. 
PurRINGTON, JAMES A., Mass. Agricultural College, Amherst, Mass. 
WILLaprp, C. J., 919 Nevada St., Urbana, Ill. 


MEMBER REINSTATED. 
Marsut, C. F., Bur. Soils, U. S. Dept. Agr., Washington, D. C. 


Members RESIGNED. 


Carnes, Homer M., North Powder, Oreg. 
SWEET, Cart, Dominion Seed Branch, Regina, Sask., Canada. 


CHANGES OF ADDRESS. - 
Atwater, C. G., Agr. Dept. The Barrett Co., 17 Battery Place, New York, N. Y. 
Bonnett, Ropert K., Kans. State Agr. College, Manhattan, Kans. 
WooparD, JOHN, 381 Paisley Road, Guelph, Ont., Canada. 
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NOTES AND NEWS. 


W. A. Albrecht has been elected instructor in soils at the Univer- 
sity of Missouri. 


William W. Baer has been appointed assistant chemist at the New 
York state station for work in the agronomy department. 


EK. C. Bowers has been elected instructor in agronomy at the Vir- 
ginia Polytechnic Institute. 


N. I. Butt is now assistant in agronomy at the Utah college and 
station. 


H. J. Conlin has been appointed assistant in soils at the Ohio 
station. 


W. B. Ellett, chemist of the Virginia station, has been appointed 
professor of agricultural chemistry in the Virginia college in addi- 
tion to his station work. 


R. A. Kinnaird, who for the past year has been teaching agricul- 
ture at the normal school at Maryville, Mo., is now extension in- 
structor in soils in the University of Missouri. 


J. D. Luckett, formerly of the Purdue University station, is now 
on the editorial staff of the Experiment Station Record, where he 
is giving special attention to publications on field crops. 


A. M. Peter, for the past several years chemist of the Kentucky 
station, has recently been elected director of that station. 


M. N. Pope, instructor in biology and agriculture in the St. Paul 
central high school last year, is now teaching the same subjects in the 
State Normal School at Eau Claire, Wis. 


Phil E. Richards, assistant in agronomy and graduate student at 
Ohio State University during the past year, is assistant in soil re- 
search at the Maryland station. 


Newell S. Robb, formerly assistant agronomist in the University 
of Idaho, since June 15 has been county agent in Lane County, 
Oregon, with headquarters at Eugene. 


Nickolas Schmitz, agronomist of the Maryland station, has been 
elected agronomist in the extension division at the Pennsylvania 
State College. He will have charge of all extension work in agron- 
omy in Pennsylvania. 


: 
| 
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Clinton D. Smith, former director of the Arkansas, Minnesota, 
and Michigan stations and for five years president of the Louis 
Queiros school of agriculture at Sao Paulo, Brazil, died at Buffalo, 
N. Y., August 5, at the age of 62 years. 


W. H. Smith, state superintendent of education, has been appointed 
president of the Mississippi Agricultural College, succeeding George 
R, Hightower on September 15. 


George Stewart, assistant in soils at the Utah college and station, 
is pursuing graduate study at Cornell University. 


F. W. Stemple, formerly instructor in agronomy at Ohio State 
University, is now professor of agronomy and agronomist of the 
West Virginia college and station. 


R. W. Thatcher has recently been appointed assistant director of 
the Minnesota station, in addition to his other duties. Dr. Thatcher 
is also acting president of the newly organized American Associa- 
tion for the Promotion of Technical Training in India, a society 
which is planned to be of assistance to Hindoo students in the 
United States and to aid them in developing industrial education on 
their return to India. 


John B. Wentz, who has been engaged in post-graduate work at 
Cornell University during the past year, is now associate professor 
of farm crops at the Maryland State College. 


Leroy D. Willey, formerly assistant in dry-land agriculture on the 
Cheyenne Experiment Farm, Archer, Wyo., is now superintendent 
of the newly established Sheridan Field Station at Sheridan, Wyo. 


The Agricultural Digest, the first issue of which appeared early 
in the summer, is the official publication of the National Agricultural 
Society. The Digest will contain reviews of the leading articles in 
the various farm papers and of federal and state bulletins on agri- 
culture, and also original articles on timely topics. The National 
Agricultural Society, “a national organization for the promotion of 
agriculture,” was organized on April 27, 1916. Hon. James Wilson, 
former Secretary of Agriculture, is president ; G. Howard Davidson, 
eiaitman Of the executive committee; P. C. Long, secretary; and 
Walter A. Johnson, treasurer. The headquarters of the Society are 
at 2 West 45th Street, New York. If financial strength is a prime 
requisite, the society should be an immediate success, for its board of 
directors contains such names as those of Theodore N. Vail, T. Cole- 
man du Pont, William H. Moore, and Samuel Insull. While the 
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interest of these men in agriculture is unquestioned, their fame is due 
much more largely to their commercial successes. 


Appropriations for the U. S. Department of Agriculture. 


The appropriations act for the Federal Department of Agriculture 
for the fiscal year ending June 30, 1917, which was approved by the 
President on August II, set aside nearly $25,000,000 for the year’s 
work. This is an increase of almost $2,000,000 over the appropria- 
tion for the previous year. The new legislation carried by the bill 
includes the U. S. grain standards act and the U. S. warehouse act. 

The increases in appropriations for the more important bureaus 
and offices were divided as follows: Weather Bureau, $81,000, prin- 
cipally for increased weather and storm-warning service in Panama 
and Alaska; Bureau of Animal Industry, $435,000, a large part of 
which is for control of contagious diseases of animals and the 
eradication of the Texas fever tick; Bureau of Plant Industry, $398,- 
which is for control of contagious diseases of animals and the 
balance is distributed over numerous projects; Forest Service, $996,- 
ooo, for the purchase of eastern lands for forest purposes and for 
road construction in national forests; Bureau of Soils, $175,000, for 
investigating methods of obtaining potash on a commercial scale; 
Bureau of Biological Survey, $132,000, for the destruction of preda- 
tory animals; States Relations Service, $148,000, principally for 
demonstration work; and Office of Markets and Rural Organiza- 
tion, $388,000, principally for the establishment of a market news 
service on live stock, meats, fruits, and vegetables. The principal 
decrease in the bill is the cutting in half of the $2,500,000 emergency 
appropriation available last year for the eradication of the foot and 
mouth disease. This emergency appropriation is available only as 
necessary to combat outbreaks of foot and mouth or other con- 
tagious animal diseases. 

Other acts of the Congress which adjourned on September 9 in- 
clude the following increases in appropriations for agricultural pur- 
poses over those of the previous year: Smith-Lever extension fund, 
$500,000; printing fund, $100,000; cooperative construction of rural 
post roads, $5,000,000; and cooperative construction of roads and 
trails in the nationals forests, $1,000,000. 
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THE SOIL MULCH.? 
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INTRODUCTION. 


It is a matter of common belief and teaching that the soil is culti- 
vated principally to maintain an earth mulch in order to prevent 
evaporation and to conserve moisture. The purpose of this paper is 
to review the experiments in soil mulches which have been conducted 
and to present certain results which do not conform to accepted 
teachings. 

It has usually been taught (1) that the soil moisture is capable of 
movement through capillary force; (2) that this force is a result of the 
forces of cohesion and surface tension, when the latter is not in a 
state of equilibrium ;? (3) that the phenomena of surface tension are 
due to the existence of molecular forces; and (4) that moisture within 
the soil exists in the form of films about the soil particles. 

The phenomena are illustrated by the suspended drop of water. 
The particles in the interior of the drop are attracted equally in all 
directions by the other particles of the liquid. This is cohesion or the 
attraction of like molecules of matter. A molecule on the surface of 
the drop is not attracted equally on all sides, since the molecules of 
gas surrounding the drop have less attraction for the particles than is 
exerted by the particles within the liquid. Hence the resultant at- 
traction is inward, and there is formed a membrane, as it were, of 

1 Contribution from the Kansas Agricultural Experiment Station. Presented 
by the junior author at the ninth annual meeting of the American Society of 
-Agronomy, Washington, D. C., November 13, 1916. 


2 Briggs, Lyman J. The mechanics of soil moisture. U.S. Dept. Agr., Bur. 
Soils Bul. 10. 18097. 
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uniform tension. ‘Thus we have the soil moisture, except in cases of 
saturated soil, in the form of films. These films of water about 
respective soil particles grouped together exert a pressure dependent 
upon the capillary angle, which is the angle formed between the liquid- 
solid and the liquid-gas surface. The angle is dependent upon the 
form of the film. Considering three particles of soil enclosed with 
films in contact, and one of these films connecting the water held in 
two adjacent capillary spaces containing different quantities of water, 
the capillary angle between the film with the less water and the joining 
film will have the greater curvature and pressure outward. Hence 
the angle being greater and outward pressure being greater, water will 
be drawn over until equilibrium exists between the pressure exerted 
by the water in the two’capillary spaces. Such movement exists be- 
tween all of the soil particles, the tendency being to bring about a 
condition of equilibrium between the pressures of adjacent films. If 
the surface tension of water in the upper layers of soil is increased, 
water is drawn toward that point. This in brief constitutes the 
theory of the movement of soil moisture. 


Tue THeory oF Sort MuLcHEs. 

The theory of the soil mulch in preventing or checking evaporation 
of soil moisture is that by loosening the surface by cultivation the soil 
particles are removed from intimate contact with one another, the 
films lose most of their water by evaporation, and the movement of 
water to the surface is thus prevented. In other words, the dry layer 
of soil acts as a blanket in checking evaporation. 


REVIEW OF LITERATURE. 


Laboratory experiments in which columns of soil in glass or brass 
containers are kept in contact with free water,? and tank or lysimeter 
experiments in which a block or column of soil is kept in contact with 
a water table have fully demonstrated capillary movement of moisture 
for such conditions.* | But capillary movement without the presence 


3 King, F. H. Textbook of the physics of agriculture, p. 161-170, 186. I9QIO. 

Hilgard, E. W. Soils; their formation, properties, compositions, and rela- 
tions to climate and plant growth in the humid and arid regions, Ist ed., p. 203. 
The Macmillan Co., New York. 1Igo2. 

4Fortier, Samuel. Soil mulches for checking evaporation. In U. S. Dept. 
Agr. Yearbook 1908, p. 465-472. 1900. 

King, F. H. Investigations relating to soil moisture. In Wis. Agr. Expt. 
Sta. 8th Ann. Rpt., p. 100-134. (1891) 1802. 

—— Investigations of soil management. U. S. Dept. Agr., Bur. Soils Bul. 
26, p. 198-205. 10905. 

Willard, R. E.. and Humbert, E. P. Soil moisture. New Mex. Agr. Expt. 
Sta. tl. 86. “ons 
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of a water table (with a dry subsoil) has not been demonstrated. In 
the Great Plains region the latter condition is the more common, since 
on the uplands a water table is seldom encountered at depths of less 
than 60 feet. Because of the winds and dry atmosphere, the rate of 
evaporation also is higher than in more humid climates. Since the 
rate of evaporation may be more rapid than the rate of capillary move- 
ment to the surface, a natural air-dry mulch may be formed without 
cultivation. Hence, in such conditions, cultivation to conserve mois- 
ture might be of little value. 

Burr® found at the North Platte (Nebr.) station that no water was 
drawn from the fifth foot to replace that which had been used by 
alfalfa on bench land underlaid with sheet water from 17 to 21 feet 
below the surface. In a period of seventeen months the moisture 
content of the fourth and fifth feet remained about constant. Burr 
concluded that “the plant roots to obtain water, extend themselves 
into the soil zone where available water is present, rather than depend 
upon the water being brought to them by capillarity.” 

This conclusion is supported by the work of Miller® in his study of 
the root systems of corn, kafir, and milo at the Garden City (Kans.) 
Branch Experiment Station during the seasons of 1914 and 1915. It 
was found that the root systems of the crops by the latter part of 
August had extended themselves throughout the sixth foot of soil. 
From moisture determinations which were made a few days before 
or after the isolation of the various root systems, it was concluded 
that “the results of these experiments for both seasons seem to show 
that there was little if any depletion of the soil moisture below the 
depth to which the roots penetrated.” 

Alway* studied the growth of plants and their use of moisture when 
grown in water-tight cylinders at the Nebraska station. He found 
that the moisture becomes available to the plants by the development 
of roots to moist soil, and that but little moisture is elevated to the 
roots by capillarity. 

The capillary movement of moisture was studied at the New Mexico 
station® by lysimeter experiments. The maximum rise of moisture 
from water through sandy loam was found to be 32 inches and 
 5Burr, W. W. The storage and use of soil moisture. Nebr. Agr. Expt. Sta. 

Research Bul. 5. 1914. 

6 Miller, Edwin C. Comparative study of the root systems and leaf areas 
of corn and the sorghums. Jn U. S. Dept. Agr., Jour. Agr. Research., v. 6, 
NO. Q, Pp. 311-331. 1916. 

7 Alway, F. J. Studies on the relation of the nonavailable water of the soil 


to the hygroscopic coefficient. Nebr. Agr. Expt. Sta. Research Bul. 3. 1913. 
Swilard, R. E.,and Humbert, E. P. Loc. cit. 
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through adobe clay 50.5 inches. The movement of moisture from 
wet to dry soil was very slight, although moisture rose 30 inches from 
wet soil to the roots of a crop of wheat. 

Barker,® of the Nebraska station, reported that the loss of water 
because of direct evaporation from the surface of the soil is very 
small after the water becomes thoroughly distributed. Young,?® of 
the same station, found that the soil mulch is not more effective than 
an unmulched soil in retarding the evaporation of the moisture that 
is well established in the soil; that if a hard layer of soil dries out to 
the depth of 2 or 3 inches it will act as a mulch; and that the loss of 
water from the soil is largely due to transpiration from plants. This 
last conclusion is supported by Alway,!2 who found in studies con- 
ducted at the Nebraska station that the loss of water from the subsoil 
of dry lands under crop seems to take place almost entirely through 
transpiration. In the absence of plants, the loss from the subsoil is 
small. 

A review of tillage experiments'? shows that no field experiments 


® Barker, P. B. The moisture content of field soils under different treat- 
ments. Jn Nebr. Agr. Expt. Sta. 25th Ann. Rpt., p. 106-110. (1911) 1912. 

10 Young, H. J. Soil mulch. Jn Nebr. Agr. Expt. Sta. 25th Ann. Rpt., p. 
124-128. (I9QII) I9I2. 

a Alway) EF. J. oc. ‘cit: 

12 Atkinson, Alfred, Buckman, H. O., and Gieseker, L. F. Dry farm mois- 
fure studies. Mont. Agr. Expt. Sta. Bul. 87. 1911. 

Barker, PP: B:. Loc. cit: 

Buckman, H. O. Moisture and nitrate relations in dry-land agriculture. 
Proc, Amer, Soc. Agron, 2° 13r. Toro: 

Cardon, P. V. Tillage and rotation experiments at Nephi, Utah. U. S. 
Wept. Agr. Bul. 157. 1915. 

Jardine, W. M. Arid farming investigations. Utah Agr. Expt. Sta. Bul. 
100. 1906. 

Linfield, F. B., and Atkinson, Alfred. Dry farming in Montana. Mont. Agr. 
Expt. Sta. Bul. 63. 1907. 

Lipman, C. B. Plowing and cultivating soils in California. Cal. Agr. Expt. 
Sta: iGire: os: FO13: 

Loughridge, R. H. Moisture in California soils during the dry season of 
1898. Jn Cal. Agr. Expt. Sta. Ann. Rpt. 1897-8, p. 65-96. 1900. 

Schollander, E. G. Moisture conservation. In Williston (N. Dak.) Subexpt. 
Sta. 3d Ann. Rpt., p. 61-63. 1910. 

Shutt, Frank T. The moisture content of packed and unpacked soils. In 
Rpt. of the Chemist, Expt. Farms Rpts. (Canada), p. 172. I9II. 

Widtsoe, John A. The storage of winter precipitation in soils. Utah Agr. 
Expt. Sta. Bul. 104. 1908. 
Irrigation investigations: factors influencing evaporation and transpi- 
ration. Utah Agr. Expt. Sta. Bul. 105. 1909. 

Young, H. Ji Loc eit, 
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on the same soil types have been conducted in which the moisture 
content of cultivated surfaces and surfaces bare of all vegetation but 


uncultivated have been compared, except the experiment of H. J. 


Young at the Nebraska station. Experiments conducted at the 
Kansas station at Manhattan and at the Garden City substation were 
planned to show this comparison. ‘The writers believe that the data 
secured are of value in the consideration of economic tillage. 


EXPERIMENTAL DATA ON Sort MOISTURE. 


Experiments in which uncropped areas were (1) cultivated and 
(2) left uncultivated but kept free of weeds were begun at Man- 
hattan in 1909 and at Garden City in 1912. In both cases moisture 
determinations were made to a depth of several feet. The experi- 
ments at Manhattan were discontinued at the close of the 1909 season 
but were resumed again in I914. 


EXPERIMENTS AT MANHATTAN. 


Soil samples were taken to a depth of 6 feet at Manhattan in 1909. 
The moisture determinations expressed in percentages and in inches 
of water are presented in Table 1. The soil was a Marshall silt loam 
and the plots one twentieth acre in size. The uncultivated plot was 
kept bare of vegetation by scraping with a hoe and the cultivated plot 
was worked with a 1-horse cultivator. 


TABLE 1.—Moisture content (calculated to dry soil) of soil at various depths 
from cultivated and uncultivated plots at Manhattan, Kans., in May, 
July, and August, 1909. 


May. 


July. August. 
Cultivated. | Uncultivated.| Cultivated. | Uncultivated.| Cultivated. | Uncultivated. 


Depth (feet). 


Per- Per- Per- 
ceut. ‘Inches. cent, |Imches.| cent, |Inches 


Per- 


Per- 
cent. Inches.) cent, |Inches. 


Per- 
cent, |[nches. 


I 28.42| 4.26|27.89| 4.18 
2 S5.A2} A.TA125.51 | 4.16 
ea 20-54 |* 3286 (21.87 | 3:92 
4 20.25| 3.81 |20.48| 3.86 
5 
6 


20.07 | "3.01 \224.32)\" 2,65 123.00 | -3.46'|20.55| 3.08 
25.07| 4.09 |26.66| 4.34 |24.52] 3.99 /25.64| 4.18 
22.40 | 3.635 /22.25 |* 3:00 |27.04| 3.77 |20.61 | 3.69 
i20|) 4.00 \20.25.|' 3:60 120-41 | 3.84 |20.05 | 3.77 
20:54.) 3:01 |20,60'| 5520 120.20: | 3.57 |O-54:| 3.43 
20.89 | 3.67 |20.29| 3.40 |20.16| 3.38 |19.31 | 3.24 


20.02)| 3.51 |20.82 | 3.66 
20.73 | 3.48 |21.00| 3.52 


Serotal. so... | = Lae Cl ae fe Take | 9 ae ee baa ares BAIEG4 02... 5% 22 iON len we 21220 


During the season the mulched plots lost a total of 1.05 inches of 
water and the unmulched, 1.91 inches, the difference probably being 
within the experimental error. 

The experiment was resumed in a modified form in the spring of 
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1914. Four plots were included, (1) cultivated 3 inches deep; (2) 
cultivated 6 inches deep; (3) not cultivated, weeds allowed to grow; 
and (4) not cultivated, but weeds removed by scraping. The avail-. 
able plant food as indicated by nitrate determinations in mulched and 
nonmulched plots was also determined. 

The size of the plots was 12 feet by 25 feet. The soil is known as 
a Marshall silt loam. The moisture equivalent of this soil is 27.52 


TABLE 2.—Moisture content (percentage of dry weight of soil) of mulched and 
unmulched plots at Manhattan, Kans., on various dates in 1914. 


Treatment. 
Date of sampling. 
Weeds. 3-inch mulch, | 6-inch mulch, | Bare surface. 
PSTD rcs. cee wheys “2 ocala as 22.36 23.01 19.34 21 nA 
MMA ye OR Sea c tacns cious Rye ned ete 18.30 19.52 17.93 16.47 
MBCA choick ox eo Ae eo 16.85 17.83 14.98 19.38 
th yaO Re. woes Soe eee eRe 14.42 22°24 22.78 22.08 
| 2772 ee, eee ee PRS Re 15.38 18.22 18.33 19.62 
PT OTS Ca Sicha ic! ax sho ieee eset ae 13.88 18.67 17.45 17.00 
PUISMSE 5. csicaks s Pencicteage ee eee Teer 16.87 16.37 15.13 
INowemlber'2 hi oe ae oon 15.08 19.70 17.48 20.65 
FAMCEA CO cok od a surah eur 2 cnet ire | 16.16 19.52 18.08 18.98 
Toss; Aiprs: E3stoINOVve. 2. | 7.28 2.281 1.86 0.89 


percent and the wilting coefficient by the formula of Briggs and Shantz 
is 14.96 percent. Soil samples were taken to a depth of 6 feet for 
moisture and 3 feet for nitrate determinations. The data obtained iin 
IQI4 are summarized in Table 2. 

The bare-surface treatment sustained the least loss of soil moisture 
during the whole of this season. The 6-inch mulch was superior 
to the 3-inch mulch in checking loss by evaporation. The plots were 


TABLE 3.—Moisture content (percentage of dry weight of soil) of mulched and 
unmulched plots at Manhattan, Kans., on various dates in IQI5. 


Treatment. 
Date of sampling, 
Weeds. 3-inch mulch, 6-inch mulch, Bare surface, 
TC gl loe =a Bp oleae Rew eal hy eR REE ee» 22.90 23.00 22.95 23.00 
MR Be hr a aca Sed oecmceep ee wea aah 23.50 23.30 23.14 22.70 
BNE SON 08. oobi eine ano oh OO eee 23.90 24.10 23.94 22.90 
7 Tt hia ol a PR eA Ni 22.30 23.80 23.06 22.80 
MRT 27a 2 cy ha.cw otros entails tb Ness sane Sou 21.60 22.10 21.81 21.30 
PIOUS EMO cis, ke name foe omrutee eee 21.80 23.80 23.00 22.00 
September'$.. je Ae Hae At tes 21470 22470 22.90 22.30 
VORA Ogio: ic wis Gye case Meena tee 22.50 23.40 22.90 22.40 
Gain or loss, Apr. 15 to Sept. 8..| —1.20 0.70 —0.05 —0.70 
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continued in 1915 as in the previous season. The data are summa- 
rized in Table 3. 

The precipitation for 1915 was very heavy, the total from January 
to September, inclusive, being 44.97 inches, as compared with 17.93 
inches and 29.89 inches for the same periods during 1914 and 1916. 
It is probable that the slightly higher moisture content of the mulched 
plots at the end of the season as compared with the bare surface plot 
is due to the heavy rainfall and the better condition of the surface 
to absorb water. 

The plots used in 1914 and 1915 for the mulch studies were seeded 
to fall wheat in October, 1915. In the spring of 1916 a new series 
of plots was established on the same soil type and handled in the same 
way. The results obtained are presented in Table 4. 


TABLE 4—Moisture content (percentage of dry weight of soil) of plots vars- 
ously treated at Manhattan, Kans., in 1910. 


Treatment. 
Date of sampling. 
Weeds. 3-inch mulch. 6-inch mulch, Bare surface. 
NS eee 21.05 21.16 18.88 20.25 
ES Or I4.55 Teas 2 £3.22 15.99 
NS eee 15.63 19.91 15.79 19.07 
Sr 14.08 20.11 16.91 17.63 
Peeemperags.....5........ 14.40 | 18.77 17.69 ar ee 
0 15.94 19.09 16.49 18.14 
Loss, May 29 to Sept. 23.... 6.65 2.39 I.19 2.50 


The moisture content of the bare-surface plot exceeded that of the 
deep-mulch plot during the season and was about equal to that of 
the shallow-mulch plot. However, in considering the gain or loss 
of water on each plot, the difference in loss between the bare surface 
and deep mulch treatment was 1.31 percent in favor of the deep 
mulch. 

The experiments just reported did not account for the difference in 
the amount of moisture absorbed by differently treated plots, due to 
the condition of the surface soil. Accordingly, in 1916, a series of 
plots similar to those in earlier experiments was laid out on which 
it was planned to retain all the water which fell upon them by means 
of earth dikes thrown up around their borders. Table 5 gives the 
data obtained from the diked plots. . 

Comparing these data with the results obtained from the undiked 
series in 1916, it is noted that the bare-surface plot gained slightly 
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more moisture than the deep-mulched or shallow-mulched plots where 
diked to insure equal absorption of rainfall upon all treatments. 


TABLE 5.—Moisture content (percentage of dry weight of soil) of diked plots 
variously treated at Manhattan, Kans., in 1916. 


Treatment, 
Date of sampling, 
Weeds. 3-inch mulch. | 6-inch mulch. | Bare surface. 
TOT 197%... ol eet seo ee ON Os 18.05 20.20 18.36 76.77 
INT AN A «Lora eite nie PR ae elon 20.42 20.42 20.02 19.58 
IME EG at eee toate oe eee 20.48 22.20 20.55 20.04 
HUT dan ig: Ur eee: opal irae eer Carper os 12.65 T4.95 13.30 14.45 
FUE eT See tere Nee hoe rst 14.33 19.40 14.60 16.40 
SeptemberiOm. Spec e ss es oR 14.40 20.40 20.43 19.65 
NCTC CT Fe een esl betes ti ake lator STO. 72 19.59 17.92 17.81 
Gain or loss, April 17 to Sept. 9 .| —3.65 0.20 2.37 2.88 


The average gain or loss by the different treatments is summarized 
in Table 6, the moisture content of bare mulched plots being used as 
a basis of calculation. 


TABLE 6.—Gain or loss of moisture from plots variously treated at Manhattan, 
Kans., in 1914, 1915, and 19106. 


Inches of water saved or lost by mulching. 


Treatment. 1916. 
IQT4. 1915. Average. 
Undiked. Diked. 
Deep wnmilehe oie ewe sess belek —0.37 0.11 —0.23 —0.10 — 0.130 
Shallow miulehinn s.00c a0 toy.tegte ke. —0.48 0.00 —0.01 —0.50 —0.242 
VICES. ik. tne e iekers MEA aka o ata weattkeecee —0.83 —o.10 —0.75 —I.19 —0.717. 


EXPERIMENTS AT GARDEN CITY.13 


Experiments were begun at the Garden City station in 1912 to 
determine the effect of cultivation on the loss of water by evapora- 
tion from the soil.14 The plots comprising this experiment were one- 
fortieth acre in size. They were irrigated each year during the winter 
as uniformly as possible in order to insure a high moisture content 
in the subsoil. 

During 1912 and 1913 the plots received three different treatments: 
(1) cultivation 6 inches deep; (2) cultivation 3 inches deep; and (3) 
no cultivation, but the surface kept bare of vegetation with a hoe. 
The plots were located on level land and were diked to prevent sur- 

13 The work at Garden City is in cooperation with the Office of Dry-Land 


Agriculture, U. S. Department of Agriculture. 
14 Lill, J. G. Report of the Garden City substation, 1914. In manuscript. 
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face run-off and drainage water coming onto them. ‘The soil was a 
silt loam with a deep subsoil. The water table at this elevation is 
located at about 75 feet. The subsoil was sufficiently porous to pre- 
vent saturation for any appreciable length of time. 

The results secured in 1912 and 1913 are presented in Table 7. 


TABLE 7.—Moisture content of irrigated mulched and unmulched plots at Garden 
City, Kans., in 1912 and 1913, expressed in total inches of water in 
the upper 6 feet of soil. 


1912. 1913. 
Treatment. : : geal 
July x. October ro. |Gain or loss. Mayg. | Sept, 22. |Gain or loss. 
manen mich. ....... 17.89 17.56 —0.33 18.52 17.88 —0.64 
S-incamulch........ 16.76 16.25 —0.51 17.41 E12 —0.29 
Dare curiace......:.. 17:15 F7.32 | Or 7 16.78 16.58 —0.20 


Comparing the inches of water gained or lost by the three surface 
treatments, the bare surface has gained 0.5 inch more than the 6-inch 
mulch and 0.68 inch more than the 3-inch mulch in the 1912 season. 
In 1913, the bare surface gained 0.35 inch more than the 6-inch mulch 
and 0.09 inch more than the 3-inch mulch. 

In 1914 a series of dry-land plots was established. These were 
the same as the mulch plots established in 1912 but received no irriga- 
tion. A fourth plot upon which weeds were allowed to grow was 
added to the series. The results obtained from both the irrigated 
and dry-land plots in 1914 are presented in Table 8. 


TABLE 8.—Moisture content of irrigated and dry-land mulched and unmuched 
plots at Garden City, Kans., in 1914, expressed tn total inches of 
water in the upper 6 feet of soil. 


Irrigated plots, Dry-land plots, 
Treatment, = 
March 30. | Sept. 16. |Gain or loss.| March 30. | Sept.16. |Gain or loss. 
manewinuich.,'....... 17.59 15.87 —1.72 11.78 $2,335 0.57 
2mch mulch........ 18.05 16.62 AS ss PTTEZO TE.7E 0.41 
Pare surface......... n7.70 15.60 2.10 11.46 11.96 0.50 
. 3S OS eee 16.41 9.06 — 7.35 TORTS 8.03 —2.72 


The weeds occasioned a considerable loss of water from the soil. 
On the irrigated plots, there was a loss of 1.72 inches from the 6-inch 
mulch, 1.43 inches from the 3-inch mulch, and 2.16 inches from 
the bare surface. This is a difference of 0.44 inch of water in favor 
of the deep mulch and 0.73 inch in favor of the shallow mulch. The 
dry-land 6-inch mulch and bare surface plots gained approximately 
equal amounts of water. The 3-inch mulch gained 0.10 inch less, 
while the weeds caused a loss of 2.72 inches. 
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The average gain or loss with each treatment for each season is 
given in Table 9, data from the bare uncultivated plot being used as a 
basis for calculation. 


TABLE 9.—Average gain or loss of soil moisture from plots variously treated at 
Garden City, Kans., expressed in inches of water in the upper 6 
feet of soil. 


Irrigated. Dry-land. 
Treatment. l =a. tats |) cevierage:. 
Ig12. 1913. | IQgI4. IQl4. 
| J | 
Despanuleli. 6.05.0. sa se oe —0.50 | —0.35 | 0.44 0.07 —0.077 
Shallow anuleh © 9.5%. ie > =0.68" |) “0,00. | OU73 —0.09 —0:032 
Weed se ayo. yr et bi, Ve a ee avers: se 1 | —5.19 —3.22 — 4.200 


During these years at Garden City the precipitation averaged 17.07 
inches from January to January, being 18.74 inches in 1912, 23.58 
inches in 1913, and 9.7 inches in 1914. Evaporation from a free 
water surface averaged 53.06 inches. The wind velocity averages 
about 10 miles per hour, although velocities of almost 30 miles per 
hour prevail at times in the spring for 24-hour periods. 

It is evident from the data at hand, which were taken during seasons 
of severe climatic conditions, that a cultivated surface has not been 
more effective than a bare surface free of vegetation in preventing 
the loss of soil moisture by evaporation. ‘They can lead to no other 
conclusion than that for Kansas conditions cultivation does not con- 
serve moisture except as it eliminates weeds and checks surface 
run-off. 

EFFECT ON DEVELOPMENT OF PLANT Foop. 

The effect of cultivation on the development of plant food is often 
of more importance than the conservation of moisture. This phase 
of the problem was studied at Manhattan in 1914, 1915, and 1916, by 
determining the nitrates present in the differently treated plots previ- 
ously mentioned. The determinations were made to a depth of 3 feet. 
The data are presented in Tables 10 and 11. ‘The results are sum- 
marized in ‘Table 12. 

Table 10 shows that the bare-surface plot in 1914 contained the 
greatest amount of nitrates, with the 6-inch mulch plot second. This 
was a season of comparatively light precipitation (17.93 inches from 
January 1 to October 1), but the rainfall was evenly distributed. 

The 1915 season was one of heavy precipitation, 44.97 inches falling 
from January 1 to October 1. This came principally in the months 
of May, June, and July. For this season the nitrate development, as 
shown in Table 10, was again greatest in the bare-surface plot, but 
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second in the plot having the 3-inch mulch. In such a rainy season, 
conditions less favorable to nitrification prevailed in the surface soil 
of the 6-inch mulch plot. 


TABLE 10.—Pounds of nitrates (NO,) per acre in the upper 3 feet of plots 
variously treated at Manhattan, Kans, in 1914 and 1915. 


RESULTS IN I9QI4. 


Treatment. 
Date of determination. meio r “Saat eh a LP, 
Weeds. 3-inch mulch, | 6-inch mulch, Bare surface, 
nh I Ee 264.38 194.76 328:20 be ke ee Yo | 
SS See er 321.57 332.47 396.05 281.06 
ee 179.61 407.87 579.34 465.22 
Eh a 21.60 583.37 422.59 464.53 
Ce 32.84 529.72 878.86 812.48 
Re ee 32.46 618.67 448.32 ElZ5.05 
MMPI Sk irs ee eee 41.57 i253 456.79 859.28 
0 82.47 424.21 742.97 1357-22 
MORPEEIMTO Se ee ea ke 142.87 678.70 697.55 853.65 
Lo. a 124.37 497.81 550.15 712370 
NS OS —I2I.51 483.94 369.26 620.26 
RESULTS IN IQI5. 
0 Bla See ee 83.43 471.04 276.83 552.80 
a a Ee 68.39 386.60 222.13 325.98 
Oe 43.92 ii aty | 247.40 704.90 
NE ios ae ee ee ay 555-55 359.39 709.22 
OS eS a ee 32.38 492.52 328.71 637.37 
ES ee 16.02 398.61 257 22 599.41 
September 8........... Beat ath 19.87 651.68 484.26 971.82 
REI che esas eo te 42.10 495.90 325.20 643.07 
SS TS —63.56 180.64 207.43 AIQ.02 


In 1916, the months of July and August were very dry, although the 
precipitation from January I to October I amounted to 29.89 inches. 
In the diked plots, the average nitrates (Table 11) were greatest for 
the 6-inch dry mulch, yet during the dry months of July and August 
the nitrate contents of the bare-surface and 6-inch mulch plots were 
nearly equal. The average nitrate content of the plots receiving the 
bare-surface and the 3-inch mulch treatment were about equal. The 
data for the undiked mulch plots (Table 11) show the same results 
as those for the diked plots. 

The 6-inch mulch treatment is superior to the bare surface, and the 
bare surface and 3-inch mulch are about equal in nitrate development. 
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TABLE 11.—Pounds of nitrates (NO) per acre in the upper 3 feet of diked 
and undtked plots variously treated at Manhattan, Kans., in 1916. 


RESULTS FROM DIKED PLOTS. 


Treatment. 
Date of determination. 
Weeds. 3-inch mulch. | 6-inch mulch, Bare surface, 
Apres Ck | dean renee 224.1 287.7 362.0 302.9 
1 FR 2e My Oe NE BRR MV eed) 219.0 74:3 385.5 251.8 
une 16.605. sh eee he ee 102.5 144.9 274% 164.2 
MNMIOES eet re cee eee 123.5 Sat7 478.3 465.9 
POTS UST. a airs, Bracken + te. une tae 100.2 618.5 4 617.7 622.2 
Sepremibenge acura. ce cee sor 158.3 531.5 624.6 445.7 
PSVETAC G's eld he ce-cee Gs hee ties 154.6 354.9 457.0 375-4 
Gaim orloss® ak leur keee eae —65.8 243.8 262.6 142.8 


RESULTS FROM UNDIKED PLOTS. 


DAY FOG. Hues etna Pe tgiatie tcc here 90.5 68.2 99.3 115.8 
oD Gl Ns OA ae oA aA 58.3 246.5 452.5 327.9 
SITES 205s oes 00 mechs cutter eh eks a ieys 67.3 224.4 256.2 300.0 
PUSS 20: ok er eg eee 66.7 343.0 552-5 424.0 
September 23) 5. vhaeiahs old. 109.7 349.5 584.0 399.1 
PAV ELAR es ra ty LS ee ees, ote ee 78.5 246.3 567.8 313.3 
Gain or loss. NOD ctl a een 19.2 | 281.3 ABAST > 283.3 


Table 12 presents annual and average data on the development of 
nitrates in the various plots from 1914 to 1916. 


TABLE 12.—Annual and average development of nitrates (pounds of NO;) per 
acre in the upper 3 feet of plots variously treated at Manhattan, Kans., 
1914 to 1916, inclusive. 


Treatment, 


Year, 
Weeds, _ 3-incb mulch. | 6-inch mulch, Bare surface, 
MOWA seer snk hoes eek Mon koke 124.3 497.8 550.1 Toy | 
TOMS at zokesss HERE rk ees ie 42.1 495-9 325.2 643.0 
TORO Gs EP bike, Ne a 78.5 246.3 567.8 313.3 
CVA Oe eee 6 Stee Bats Bis Be 81.6 A133 481.0 556.3 


@ Diked plats not included. 


The average development of nitrates for the 3 years has been greater 
in the bare, uncultivated plot than in the deep-mulch or shallow- 
mulch plots. 

Determinations were made of the total nitrogen contained in the 
weeds for the season of 1916 in order to determine the amount of 
nitrification that had taken place in the weed plots. Converting the 
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total nitrogen into nitrates and adding it to the nitrates present in the 
upper 3 feet of soil of the weed plots gives the results shown in 
Table 13. This table indicates that as much nitrification took place in 
the weed plot as in the bare, uncultivated plot. 


TABLE 13.—WNitrification in weed plots, as indicated by the nitrates in the upper 
3 feet of soil (in pounds of NO, per acre) plus the nitrates in the 
weeds on September 23, 1916. 


Treatment. Undiked. Diked. 
Servated 4 inches Geep .......ccceccceees 349.5 531.5 
Cultivated 6 inches deep .............0008- 584.0 624.6 
EMO c etc wkv cd avereuwssucene 309.1 445.7 
Meeene anowed tO prow. .........%.....05 348.2 474.3 

SUMMARY. 


1. A cultivated soil is no more effective than a bare uncultivated 
soil in preventing evaporation. 

2. Cultivation conserves soil moisture by the elimination of weeds 
and by preventing run-off. 

3. The development of nitrates may be as extensive without cultiva- 
tion as with cultivation. 
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GREEN MANURING: A REVIEW OF THE AMERICAN 
EXPERIMENT STATION LITERATURE.’ 


AL). PETERS: 


INTRODUCTION. 


The use of clover or of some other legume in the rotation is gen- 
erally considered to be a cardinal agricultural practice in the humid 
sections of the United States. Without attempting to trace the de- 
velopment of this practice, which is an old one, it may be pointed out 
that in 1794 Thomas Cooper described a rotation of corn, wheat, 
clover two years, as being practiced by the best farmers in Pennsyl- 
vania. This is the most common rotation of today throughout the 
northeastern United States. The belief that clover was valuable as a 
soil improver rested first on experience and later, when the relation 
between the legumes and the nodule bacteria was discovered, men felt 
that the faith founded on experience had been justified by science. 

Many researches were made in which the tops and roots of clovers 
were analyzed, the quantities of nitrogen stored determined, and con- 
clusions drawn as to the degree to which the soil must be enriched by 
the growth on it of a vigorous crop of clover. 

Other legumes have come into use in the territory not well adapted 
to red clover, as the cowpea, Japan clover, and bur clover in the 
South, and crimson clover on the Atlantic Coast. The main function 
of all these is to maintain fertility or improve run-down soils. If 
these crops really fulfill this function the result should be larger crops 
following the legumes and the experience of farmers seems to warrant 
the conclusion that such is the case. It has been the practice of the 
American experiment stations to test many, if not all, of the common 
beliefs of agriculture to find how well founded agricultural practice 
is and how improvements might be made if needed. That the value 
of clover or other legume in the rotation or as a green manure would 
be so tested was to be expected. Therefore, it has seemed worth 
while to examine the literature of American experiment stations and 
to bring together our knowledge of this subject with such critical 
comment as may be warranted. 

1 Contribution from the Office of Forage-Crop Investigations, United States 


Department of Agriculture. Publication authorized by the Secretary of Agri- 
culture. Received for publication December 9g, 1916. 
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The present inquiry concerns the evidence to be found in American 
experiment station literature on the value of a legume as measured by 
the yields of succeeding crops. The writer trusts that this point of 
view will be constantly borne in mind, as it is not his purpose to 
criticize methods or results. It is not always possible, however, to 
agree with the authors of bulletins as to the conclusions drawn. 

In a general way a regional distribution of the literature may be 
made and this will at the same time be a distribution partially accord- 
ing to crops. In the South the rotation and green-manure work has 
been mostly with cowpeas, with a little on crimson clover, bur clover, 
sweet clover, and soybeans. In the North and Middle Atlantic States 
the experimental work has been nearly confined to crimson clover, 
while in the Northeast (including the Canadian Province of Ontario) 
and in the northern Mississippi Valley red clover has been the chief 
legume crop studied. Beyond the Missouri and in the Canadian 
Northwest, alfalfa, peas, tares, and species of Melilotus have been the 
chief leguminous green-manure crops. 

The experiment station bulletins will be examined by States accord- 
ing to the above rough geographical division. Many of the bulletins 
treating of rotations. or of green manuring are popular expositions of 
the principles involved and contain no original experimental work. 
Such bulletins do not, therefore, come within the range of this study. 
The same is true of bulletins, many of them valuable, that treat of the 
relations between legumes and the nodule organism (B. radicicola) 
or report the results of the study of the amounts of nitrates present 
after various crops. While such studies may have an important in- 
direct bearing on the value of legumes they do not measure their value 
in terms of the succeeding crop and it is to this point of view that we 
shall mainly confine our attention. There are also bulletins and cir- 
culars from many stations containing the record of isolated observa- 
tions. In order not to consume too much space such bulletins will 
be mentioned only when considered important. A full bibliography 
of the subject is, however, on file in the Office of Forage-Crop In- 
vestigations and if any reader believes an important paper has been 
overlooked he will confer a favor on the writer by advising him. 


EXPERIMENTS IN THE SOUTH. 
ALABAMA. 


The most important work with green manures in the South has 
been done in Alabama. 
Cotton.—It was early shown (Canebrake Bul. 7 for 1890)? that 


* Complete references to all publications cited are given in the bibliography 
at the end of the paper. 
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more cotton was produced on land immediately following cowpeas 
than on land on which peas had not been grown and that when the 
pea vines were turned under the yield of cotton was larger than when 
only the stubble was plowed under. The difference was not large, 
however, and the work appears not to have been repeated until several 
years later. 

The West Alabama station (Report, 1903, p. 2) showed that by 
rotating cowpeas and cotton the yield of cotton was on the whole 
increased over that secured by continuous cotton culture, though 
during one year the yield of seed cotton after peas was actually less 
than that after cotton. 

Further increases in the yield of both cotton and corn are reported 
as having been secured after peas, soybeans and sweet clover (Cane- 
brake Bul. 24). 

In Canebrake Bulletin 25 it is shown that the value of the cotton 
crop was increased by $8.68 per acre when a good stand of bur clover 
was turned under and by $7.08 per acre when a stand of crimson 
clover was used as green manure. 

Canebrake Bulletins 26 and 27 (1910) contain records of an ex- 
periment on the yield of cotton after various crops. Two years’ yields 
are reported in Bulletin 27 and the table is reprinted here as Table 1. 


TABLE 1.—Effect of legumes and nonlegumes on cotton grown on the Houston 


clay. 
Pounds per acre of seed cotton, 
Cover crop in 1907 and 1908, ——_ 

1908. 1909. Total. 
Cowpeas in 1908, vines turned under............... == 1,204 I,204 
Redtop (fair stand), whole turned under............ 656 1,436 2,092 
White clover (good stand), whole turned under...... 296 1,464 1,760 
Rediclover, hay Cutie ak and sis ie eee Bee eee 440 1,544 1,984 
Aifalta, 17 months stand ..o o oc. sap oe cee es someon: Hay ESS ES E,512 
Common vetch, hay \cut-<.'2ice eine. cece een 760 1,352 aos 
Common vetch and oats; hay .; .sne< 4 aa es «fon wees A416 1,436 I,852 
RD ACSOAY fies Sis anes Sla.s. Fine We a RM hs Sh eee etre 351 1,184 T3535 
Hairy, vetch and oats, ‘Hayy i. bcc. ove Pame te eee ee eee 456 1,384 1,840 
TI AIG Ay CCCI KOU bist oie as eslolelaala Siadous Fees Pe ee eae 752 I,512 2,264 
Grmeen clover, Cut. oon. ce Nok Ee lene ee ee ee 868 1,344 2,212 
BUTACIOVER ACU ae au cin ctots a atisterd e¥ele ieee Ee Re 640 | . 1,360 2,000 
No fértilizer, ‘early cotton: FO08—00 40:40). Scone 968 I,016 1,984 


While the total yield of cotton for the two years 1908 and 1909 was 
higher after bur clover, crimson clover, and hairy vetch than from the 
check plot, the difference was not very great. The plots on which 
hairy vetch and oats and common vetch and oats had been grown and 
cut for hay as well as the white clover plot yielded less than the check. 
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The total yield from the redtop plot exceeded that from any legume 
plot save crimson clover and hairy vetch, but it should of course be 
remembered that a crop of hay was taken from the legume plots and 
not from the redtop. While the turning under of legume stubble 
seems to have resulted in an increase of cotton, a careful study of the 
figures shows some peculiarities that make it desirable that such a 
test be repeated. The check plot gave the highest yield of cotton 
the first year but the lowest the second year. This might be expected 
because of the possible temporary depressing influence of a green- 
manure crop. However, the plot on which oats was grown in 1907 
gave the lowest yield of cotton in 1908 and the yield in 1909, though 
still lower than any plot having legumes turned under, was more 
than three times as heavy as it was in 1908. While some of the clover 
plots showed similar increases most of them did not. The red clover 
plot which yielded among the lowest in 1908 returned the largest crop 
in 1909, while the yield from the crimson clover plot in 1909 was the 
lowest but one from the legume plots, though in 1908 this plot had 
yielded more cotton than any other legume plot. 

A considerable increase in the yield of seed cotton following alfalfa 
is reported in Bulletin 26, page 14, but since the comparison of the 
yield after alfalfa is made with that which the field had produced in 
previous years the observation has only minor significance. 

The total yield of seed cotton grown for three years following the 
turning under of a crop of bur clover and one of crimson clover ex- 
ceeded the yield from a plot continuously in cotton by about 500 
pounds (Canebrake Bul. 27). It had been shown previously (Report, 
1905, p. 35) that when cowpeas were fertilized and turned under the 
succeeding crop of seed cotton was increased by about 23 percent, 
but that on unfertilized land the cowpea crop was so poor that no 
increase in the cotton crop was noted. 

Many of the experiments showing the effect of green manures on 
cotton have been brought together in Bulletin 120. In 1899 cotton 
followed cowpeas and velvet beans, the vines of which had been 
plowed under after the pods had been picked. The yields of seed 
cotton per acre were (p. 146): 


MINNIE TOO UUDG2 PVITIES o.oo oi ce evs co ace ce cesecs 1,533 pounds. 
BimlgreiPowelvVet DEAN VINES ...... ccc cece cee ec coeess 1,373 pounds. 
SO 837 pounds. 


In another case (p. 151) cotton after velvet bean vines yielded 1,579 
pounds per acre; after velvet bean stubble, 1,126 pounds; and after 


_ cotton, 918 pounds. The average gain in cotton from plowing under 
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the vines of summer legumes was 63 percent; from legume stubble, 
18 percent. 

The effect of turning under crimson clover was to increase the yield 
of cotton, as is shown below (Bul. 147): 


Atter:.oat ‘sttthblem aot eosat cen vere areas 342 pounds seed cotton per acre. 
After. crimson Clover stubble on e..e-<car <0 oe 456 pounds seed cotton per acre. 
After crimson clover, entire ripe and dry 

Crop plowed umder o.. c.cccee ak eee ee 528 pounds seed cotton per acre. 


Corn.—The effect of a green manure on corn was studied as early 
as 1887 (Bul. 7), though there is no record of a check plot for that 
year. After two years of Melilotus, corn yielded 7 bushels more than 
on the check plot (Canebrake Bul. 24). The results of a number of 
experiments showing the effect of a green-manure crop on corn are 
recorded in Bulletin 111. In 1900 corn was grown on plots on which 
velvet bean stubble, second growth or entire crop, and the entire crop 
of beggarweed had been turned under. ‘The yields are compared with 
those from unfertilized plots on similar soil 100 yards distant. It 
seems possible that the experimental plots were naturally more fertile, 
since the yield from the unfertilized field was but 5 bushels an acre, 
while that from the experimental plots ranged from 15.6 to 27.5 
bushels—a truly phenomenal increase if due entirely to the legume. 
Hairy vetch was compared with rye and turf oats as a crop to precede 
corn. The yields of corn in 1898 and 1899 were considerably better 
after the legume than after the nonlegume and a little better than on 
the plots left bare in 1897. Several peculiarities in the yields seem 
to point, however, to a lack of uniformity in the fertility of the plots. 
For instance, on plot 6 hairy vetch stubble was turned under and the 
yield of corn was 16.8 bushels. On plot 11 the vetch was a failure 
and the stubble of what grew was plowed in. The corn yielded 18 
bushels on this plot. In 1899 plot 6 yielded 2 bushels per acre more 
than plot 11. On the whole the vetch was clearly beneficial in 1898 
but the differences in yields during 1899 on all plots were not very 
marked. 

In 190t (Bul. 120 and 134) corn was grown on poor white sandy 
land, following corn or legumes. The yields were much higher after 
the legumes, reaching 81 percent increase on the plot on which velvet 
bean vines had been turned under. 

In the summing up Duggar gives the average increase in the yield 
of corn following a summer legume, vines plowed in, as 81 percent, 
and stubble plowed in, as 32 percent. 

Oats.—Red clover stubble increased the yield of oats by 15 bushels 
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per acre (Canebrake Bul. 25), while after white clover the increase 
was 6.3 bushels. Oats after cowpeas turned under yielded 22.8 
bushels, while after millet the yield was 12.4 bushels (Bul. 95). In 
1897 oats were sown on six plots on which cowpea or velvet bean 
vines, velvet bean stubble, German millet, or weeds had been turned 
under. The average yield of oats from the nonleguminous plots was 
8.4 bushels ; that from the legume plots, 32.6 bushels. It is admitted 
that these increases are probably greater than can ordinarily be ex- 


pected. (Bul. 95, 120, and 137.) 


In 1906 oats followed various crops. The yields following a 
legume were in every case much higher than the yields following corn. 
The addition of 60 pounds of nitrate of soda per acre on a plot previ- 
ously in sorghum brought the yield of oats from that plot up to the 
average yield from all legume plots, but even the addition of 120 
pounds of nitrate of soda did not bring the yield from the sorghum 
plot up to that from the plot on which the entire crop of soybeans 
had been turned under (Bul. 137). 

Sorghum.—Sorghum for hay in 1897 yielded 85 and 86 percent 
more after cowpea or velvet bean vines turned under in 1896 than on 
a plot fallowed in 1806. 

In 1899 the following yields of sorghum hay were obtained after 
various legumes (Bul. 120): 


Yield per acre, Increase from leg- 
tons. umes, tons, 
PEPOOMPEEMNGIMStMDDIC .....:......0..000008 3.65 
ETC WPCA SUIDDIC 0.0.6.5... cs cee eee sees 5.66 2.01 
Peter wervet pean stubble ..........0......... 5.80 Pails 
iter Cowpea vines, picked ................. 572 2.07 
mirem velvet pean vines ...........: ti ane etn 6.76 3.11 


The average increase in the yield of sorghum according to Duggar 
was 78 percent after summer legumes, vines turned under, and 57 
percent after stubble turned under (Bul. 120). 

Sorghum was also grown after rye stubble, crimson clover stubble, 
the entire crimson clover plant, and winter and spring weeds turned. 
under. The yields were in every case much higher after the clover. 
In 1901, the average yield of two plots after rye stubble plowed under 
was at the rate of 5,992 pounds of green fodder, while the average 
yield after clover stubble plowed under was 11,230 pounds and the 
yield of one plot where the entire crimson clover plant was plowed 
under was 10,300 pounds. In 1903, sorghum after clover stubble 
yielded 13,000 pounds, while that after weeds yielded only 4,400 
pounds (Bul. 147). 
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Residual Effect of the Green Manure Crop.—An important feature 
of the Alabama work is the record of the residual effect of the green 
manure crop. In some cases this was clearly marked up to the third 
season. On the sorghum plots of 1899 referred to above, corn was 
planted in 1900. The yields from the plots on which cowpeas and 
velvet bean vines had been turned under in 1898 exceeded the yield 
from the plot in sorghum in 1898 by 3.6 and 2.6 bushels per acre, 
respectively. The yield from the cowpea stubble plot was also a little 
higher than that from the sorghum plot, but on the velvet bean stubble 
plot the yield was slightly lower than that from the sorghum plot 
(Bull 111): 

In 1900 corn followed cotton on plots on which velvet bean vines 
were turned under in 1898. The land was poor and the plot in cotton 
for two years before 1900 yielded 18 bushels, while from the adjoin- 
ing plot on which velvet bean vines had been turned under in 1898, 
25.5 bushels of corn were harvested (Bul. 111 and 120). These plots 
in 1899 had yielded 1,578 pounds of seed cotton after velvet bean 
vines and 918 pounds after cotton, a difference of 660 pounds. In 
1900 the difference in the corn yield was 7.5 bushels on the same plots 
(Bul.120): 

In 1901 corn followed corn of 1900 on legume plots (see p. 66). 
There is no record of a check plot here, but the yield from the plots 
on which the entire velvet bean vines had been turned under exceeded 
that from the stubble plot by 59 percent (Bul. 120). Some plots in 
‘cotton in 1899 (Bul. 120, p. 146) were put into sorghum hay and 
roats and sorghum hay as the next crops. A detailed financial state- 
‘ment (Bul. 120, p. 146) shows that the annual gain from turning 
under a crop of cowpeas in 1898 was $14.32 per acre or a total for 
three years of $42.96 more than was realized under similar conditions. 
but where no legume had been grown for many years. All crops were 
larger on the legume than on the nonlegume plot even to the third 
year after'turning under the legume. 

Wheat and rye also showed marked increases after the turning 
under of a legume (Bul. 120). 

Relative Value of Turning Under the Stubble or the Entire Vine. 
—There are a number of experiments throwing light upon this ques- 
tion. With the exception of wheat and rye, crops were uniformly 
larger after the vines were plowed under than after the stubble only 
was saved. That the value of this increase, $5.98 per acre, was not, 
however, equal to the value of the hay crop sacrificed is pointed out 
in Bulletin 120, page 172. 

The record from this station shows that the yields of various field 
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crops were larger following the turning under of the stubble or of the 
entire crop of a legume than after another field crop. ‘The cumulative 
effect of the large number of observations and experiments, all agree- 
ing in the main, is unquestionably great. With the exception of red- 
top (Canebrake Bul. 27) and millet turned under (Bul. 95) no non- 
legume was used as a green manure unless the weeds mentioned in 
Bulletins 95 and 120 be so considered. ‘The entire crop of redtop gave 
slightly more favorable results than the stubble of most of the legumes 
used. The turning under of a crop of millet was followed by a 
crop of oats but little more than half as large as when a crop of 
cowpeas was turned under. 


ARKANSAS. 


Rotation experiments commenced in 1890 are mentioned in 
Arkansas Bulletins 18, 22, and 27 and yields on two plots are given. 
From these it appears that when cowpeas were turned under the yield 
of cotton in two years was larger than that obtained from the con- 
tinuous cotton plot in three years, and the first plot also yielded 22.4 
bushels of corn per acre as the second of the three crops following 
cowpeas. Corn grown on plots after legumes and after nonlegumi- 
nous field crops yielded larger crops after legumes. The average yield 
of five plots after cowpea stubble or peanuts was 36.8 bushels; after 
the cowpea vines turned under, one plot, 39.7 bushels; and after non- 
legumes, cotton, corn, etc., the average of seven plots was 25.47 bushels 
(Bul. 46). The increased yield after cowpeas plowed under did not 
pay for the hay sacrificed, but there is no record regarding the residual 
effect of the cowpeas. Cotton also yielded 400 pounds more after a 
crop of cowpeas turned under than after cotton and 118 pounds more 
than after cowpea stubble (Bul. 46). 

Wheat was grown on plots after cowpeas, velvet beans, beggar weed, 
and soybeans, each alternate plot being cut for hay and the stubble 
only turned under; the entire crop on the other plots was turned 
under. The first and the tenth plots were left as checks, wheat fol- 
lowing wheat stubble. The turning under of the legume stubble in- 
creased the yield of wheat by 55 percent, but turning under the entire 
crop increased the yield over wheat stubble only 25 percent (Bul. 62). 
This depressing effect of turning under an entire crop was also noted 
under certain conditions at the Alabama station. In another case 
(Bul. 58) the yields of corn and of cotton were larger after the legume 
vines had been turned under than after the stubble. Nothing is said 
as to the yield of hay. 

Oats followed various legumes turned under in 1900. Alternate 
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plots of oats were cut for hay and others for grain. The yields of 
both hay and grain were much higher after the legume than after oat 
stubble, the hay yield being nearly 60 percent and the grain nearly 
50 percent greater after velvet beans. There were no legume stubble 
plots. Oats following cowpeas, soybeans, and rye and vetch plowed 
in also yielded much more than following corn, sorghum, buckwheat, 
or oat stubble with 400 pounds of complete fertilizer (Bul. 66). The 
author points out that the legume crop turned under would have made 
hay worth more than the value of the increased crops. 

To test the relative value of cowpea stubble or the whole plant 
turned under seven plots, all in oats, were selected (Bul. 70). The 
average yield of the first three had been 21.84 bushels of oats; of 
the last four, 21.11 bushels. On the first three oats followed oat 
stubble. On 4 and 6 oats followed cowpea stubble and on 5 and 7 
oats followed the cowpea vines turned under. The average yield of 
plots I, 2, and 3 was 24.38 bushels; of plots 4 and 6, 28.84 bushels ; 
and of 5 and 7, 37.02 bushels. Cowpeas seeded in corn increased the 
yield of corn the following season.* 

The residual effect of cowpeas was studied between 1898 and 1903 
(Bul. 77). On four out of thirteen plots cowpeas were planted fol- 
lowing the 1898 wheat harvest and on two of them the whole plant 
was turned under, while only the stubble was used on the other two. 
Wheat was then grown for four years. The total yield on two check 
plots during the four years was 40.2 bushels; on the two stubble plots, 
50.5 bushels; and on the plots on which the whole cowpea crop was 
turned under, 56.6 bushels. In the last years of the series the yields 
were respectively 10, 11, and 12.8 bushels as an average of both plots. 
The stubble gave the best increase the first year, while the benefit 
from the whole plant was most marked the second year and was 
decidedly noticeable the third and four years. On two other plots 
cowpeas were planted after wheat each year after 1899 and the yield 
on these plots increased each year, reaching an average of 17.2 bushels 
in 1902. 

GEORGIA. 

This station furnishes but one bulletin of importance on this sub- 
ject (Bul. 27), but this contains the record of a remarkably clear 
and convincing experiment on the economic results of turning under 
a green crop or stubble. In 1893 and 1894 cotton was grown on 
plots in cowpeas the year before. On some plots the cowpeas were 
cut for hay, on others the peas were picked and the vines plowed 


3 Part of this information is repeated in the annual report for Igo1!. 
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under, while on still others the entire crop of peas, vines, and pods 


was plowed in. 


Record was kept of the value of the crops during 


both years of each test with the results shown in Table 2. 


Taste 2.—Vields of cotton after cowpeas variously treated, with combined 
values of the cotton and cowpea crops. 


—— 


- conclusion. 


Vield of seed cotton | otal acre value of | Total acre value of 
Disposition of crop. per sece 1894. cotton, 1893, and cotton, 1894, and 
; hay and peas, 1892. | hay and peas, 1893. 
Pounds. 
Peas gathered when ripe........ 2,004 $50.61 $43.03 
Pea vines turned under green.... 2,079 42.96 39.50 
Pea vines made into hay........ 1,961 55-89 54.85 


The residual value of the veins has not been taken into account. 
The work of the Alabama station showed that this might be con- 
siderable but whether enough to pay for the hay sacrificed can not 
be told. 


MISSISSIPPI. 


The Mississippi station found that by rotating crops and fertilizing 
the productive capacity of the land was increased 17 percent in three 
years, while under continuous culture of one crop the productive 
capacity of the soil was decreased 16 percent (Bul. 101). Eight years 
after a system of rotation was started, the yield of cotton on continu- 
ously cropped but fertilized land was 252 pounds of seed cotton per 
acre, while on rotated and fertilized fields the yield was 404 pounds. 
The rotation included cowpeas as a catch crop in the corn. 


MISSOURI. 


During three years of cropping with cowpeas, peas one year in 
four, and also sown in the corn at the last working, the yield of corn 
was somewhat larger the second and third years on the plots having 
a catch crop of cowpeas than on the check, but during the first year 
the cowpeas slightly depressed the yield (Bul. 83). The differences 
were small, however, in each year and the authors state that the 
fertility of the plots was not uniform. The differences may there- 
fore have little significance. Wheat yields were less on the cowpea 
plots than on the checks in each of the two wheat years. The clover 
following wheat seemed benefited by the cowpeas in the second of the 
two years. On the whole the experiments did not lead to any definite 


In experiments in southwestern Missouri (Bul. 84) some plots re- 
ceived phosphorus and potassium while the adjoining plots had cow- 
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peas, phosphorus, and potassium.. The yields of both corn and wheat 
were slightly less on the plots having the cowpeas. In an experiment 
in Jasper County (Bul. 119), cowpeas as a catch crop in corn did not 
increase the yields of corn, while the average yield of wheat was only 
very slightly increased. 

Bulletins 126, 127, 128, 129, and 130 describe soil experiments on 
various soil types ; plots receiving a cowpea catch crop in corn may be 
compared with the plots on which no legume was grown. In almost 
all cases the yields of corn were higher on the nonlegume plots, but 
those of wheat and oats averaged slightly better after the cowpea 
catch crop. 

In Bulletin 131, the statement is made that as a result of 12 years’ 
observations it may be concluded that the removal of cowpeas, where 
wheat and peas are both grown each year on the same land, results 
in a gradual decrease of the wheat crop. No details are given. 


NORTH CAROLINA. 


In 1889 and 1800 this station raised wheat after cowpeas and after 
crabgrass. The plots were in duplicate and were repeated in 1890, 
making a very satisfactory experiment. Some plots were fertilized 
but in every case the crabgrass half of a plot received the same 
fertilizer as the cowpea half. On the unfertilized plots the yield of 
wheat on the cowpea half was double what it was on the crabgrass 
half, as an average of the two years. In 1890 the differences in yields 
were in some cases many times greater (Bul. 72, 77). It is said that 
the winter of 1889-90 was unusually severe and that winterkilling 
was especially bad on the plots that had not had cowpeas. 


TENNESSEE. 


In connection with a fertilizer experiment it was shown that, on the 
unfertilized plots, cowpeas turned under increased the yield of wheat 
over that from plots from which the cowpeas were removed (Bul. 
go). This was true in experiments on three farms. In Bulletin 96 
these data are repeated and yields of wheat also given from areas on 
which no cowpeas had been grown. On one farm areas with and 
without cowpeas can be compared only on plots fertilized with acid 
phosphate and potash; the plots without cowpeas received a trifle more 
phosphate than the others. The yields of wheat were’much better 
after cowpeas had been turned under than where no cowpeas had 
been grown. On another farm wheat was grown on unfertilized 
plots on which cowpeas had been turned under or removed and on 
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which no cowpeas had been grown. On the unlimed portions the 
cowpeas made no appreciable difference in the yield but where lime 
was added yields were best after cowpeas turned under and next best 
on plots from which they had been removed. 

The value of cowpeas in building up land is brought out in Bulletin 
102. A poor soil was planted to cowpeas in 1910 and in Ig11. On 
one section, C, the crop was hogged off and on another, D, the vines 
were turned under for two years. In 1912 corn was grown. ‘Though 
the yield of corn on similar and adjoining land was less than 10 
bushels per acre that on the unfertilized plot of section C was 26.2 
bushels and on D, 31.9 bushels. It is not shown whether it paid to 
turn under these two crops of cowpeas but it seems very probable that 
hogging off was more profitable. 

In Bulletin 109 various statements are made but the present writer 
has not found the record of the evidence on which these are based. 
The conclusions appear, however, to be drawn from work done at 
the station and are as follows: 


1. Corn, sorghum and millet are not suitable crops to be grown for green 
manure. The yield of corn immediately following them was considerably re- 
duced. Rye is advised as a winter cover crop, but should be turned under early, 
when about 1 foot high, or less. 

2. The legumes can be advised as green-manure crops, but cowpeas and soy- 
beans when used for this purpose are not apt to be profitable for the first few 
years. Jf turned under each year and followed with wheat or other small 
grain, as can be done successfully at Jackson, the effect is cumulative; that is, 
the area where the cowpeas are turned under gradually increases in productive- 
ness, while the area where either the peas are removed for hay or no peas are 
grown gradually becomes poorer until the difference between them is very 
marked. In the last two years of a 5-year trial there were obtained from 4 
to 9 bushels per acre more of wheat on the area where the cowpeas were turned 
under than where either none were grown or the crop was removed for hay. 


Sweet clover sown April 11, 1912, was cut once that year for hay. 
The crop was turned under May 13, 1913, and followed with corn, 
which made a yield of 58.8 bushels per acre. On an adjoining plot 
where rye was turned under, the yield of corn was only 41.1 bushels. 


SUMMARY. 


While it must be said that for the greater part the record above 
reviewed is that of a series of observations rather than of carefully 
planned and checked experiments it can not be denied that the ob- 
servations, all pointing in one direction, make a strong case for the 
value of leguminous green manure or rotation crops. The evidence 
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will not, however, warrant more than this general statement. On 
important matters of detail, especially as to the relative value of dif- 
ferent legumes and the effect they may have on the succeeding crop, 
the record throws no light. For the most part this is because little 
work has been done with any plant save the cowpea. Only the 
Alabama station worked with winter legumes, and the value, if any, 
of nonlegumes for green manuring has practically not been touched 
upon. ‘The question whether it pays to turn under an entire green 
legume crop has been taken up and it has been shown both by Ala- 
bama and Georgia that, considering only the first succeeding crop, 
the practice is not economical. Alabama showed, however, that 
cowpea and velvet bean vines turned under have a definite and con- 
siderable residual value, but the number of cases in which it is possible 
to compare the residual value of stubble or of vines are too few to 
warrant conclusions. ‘This was also shown for cowpeas by Arkansas. 
This matter is important and it 1s to be hoped that experiments are 
under way, or will be undertaken, to determine this point definitely. 

The following statements are believed to be warranted by the 
experiments reported in the literature reviewed: 

1. The turning under of a leguminous crop or of the stubble and 
residues of such a crop results in an increase, sometimes large, in the 
next succeeding crop. 

2. Turning under a heavy crop of green plants, especially under 
conditions of dry weather or of imperfect working of the soil, may 
depress yields below those obtained from turning under the stubble 
only. 

3. Cowpeas grown as a catch crop in corn may depress the yield of 
the corn. This seems to be due to lack of moisture. 

4. The residual effect of whole crops of cowpeas and velvet beans 
turned under is marked, while that of the stubble is sometimes evi- 
dent, but slight. 

5. Considering only the effect on the first succeeding crop it is not 
profitable to turn under a full stand of green manure. 


ATLANTIC CoAST SECTION. 


With the exception of a little work showing the influence of alsike 
and of red clover on potatoes, the work of the stations in this section 
has been almost entirely with crimson clover. One green manure 
crop of cowpeas was tried by the Maryland station and the New 
Jersey station records some work with cowpeas and soybeans. 
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CONNECTICUT. 


The Connecticut (Storrs) station (Storrs Reports, 1899 and 1900) 
grew potatoes in 1900 on land on which alsike clover had been seeded 
in July, 1899, and on land on which rye had been seeded after corn 
harvest. When turned under the clover was 3 inches and the rye 
3 feet high (Report, 1900, p. 63). The yield of potatoes on the 
clover plot, 183.1 bushels of good potatoes, was considerably higher 
than that on the plot having rye and mineral fertilizers, 151.4 bushels, 
but also exceeded that on the plot having clover plus mineral ferti- 
lizers, 177.8 bushels. The difference in this case is not large but 
would appear to indicate a lack of uniformity in the fertility of the 
soil of the experimental area. Many details of the work are wanting 
and so far as known the experiment was not repeated. 


DELAWARE. 


The Delaware station has issued a number of bulletins on crimson 
clover, green manure, and orchard cover crops, but in only two cases 
is there any record of an experiment to determine the effect of 
crimson clover on a subsequent crop. A complete fertilizer including 
160 pounds of nitrate of soda per acre was applied to one plot in 
June, 1800, while the crimson clover from $1 worth of seed was 
turned under on another plot in May. Sweet potatoes were planted 
on all plots. The yield on the clover plots was 18 bushels per acre 
more than on the fertilized plots and 103 bushels more than the 
average of five unfertilized plots (Bul. 11). In the report for 1892 
the yield of corn on a plot on which a heavy crop of crimson clover 
had been turned under is compared with that on adjacent land on 
which tomatoes had been grown. The corn on the latter plot received 
Too pounds of nitrate of soda per acre, but still the yield was 18 
bushels less than that from the clover plot. So far as known this 
experiment was not repeated. 


MARYLAND. 


The Maryland station in Bulletins 31 and 38 records yields of 
potatoes after crimson clover. In one case a small increase, and in 
the other a 50 percent increase was found to result from turning under 
a green manure crop of crimson clover. In each case the results are 
for one year only. In 1895 the yield of corn on plots on which 
crimson clover had been turned under was 6.7 bushels per acre more 
than that on adjacent plots not having received crimson clover (Bul. 
46). The yield of corn on these plots in 1896 after a second crop 
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of clover had been turned under was larger than the 1895 yield, but 
the yield of plots not having clover is not given for 1896, so it is not 
possible to say whether the added increase was due to season or to 
the extra clover. 

In an experiment on the availability of different forms of phos- 
phoric acid, plots were laid off receiving the same fertilizers but some 
of them having crimson clover seeded at the last working of the corn, 
others rye after the corn, and others left bare over winter (Bul. 68). 
The total yield of corn for 1895 on the crimson clover plots was less 
than that on the rye or on the bare plots, indicating that the fertility 
of the soil was less on these plots. In 1897, however, after two 
catch crops of clover and of rye had been turned under the yield of 
corn on the clover plots was 35 percent higher than on the bare plots 
and 58 percent higher than on the rye plots. In 1898, owing to early 
summer drought, wheat was sown instead of corn, the plots being 
fallowed for that season. There was no great difference in the wheat 
yields, those from the clover plots being slightly smaller. This work 
was continued through the crop of 1906 and the results reported in 
Bulletin 114. The results during the latter half of this experiment 
make it necessary to reverse the conclusions drawn from Bulletin 68, 
since the average yields on the rye plots during the years 1902-1906 
were better than on the crimson clover plots. The average yield of 
corn on the fallow plots and on those where crimson clover and rye 
were turned under were as follows: 


a 3 crops, 1895-1897. 3 crops, 1902-1906 
Actor icrimsott, ClOVEIA. o Nas isin oases 45.9 bushels. 34.3 bushels. 
Pekter hallows ie tes 4th Sets a eels rete 45.0 bushels. 34.2 bushels. 
Pitter: Byes dash Ws ey Rone ee Mteras ie ee 42.2 bushels. 40.3 bushels. 


This showing is really too favorable to the clover, since some of 
the clover plots had soluble phosphates while the others did not. The 
average yield of six crops of corn, two of wheat, and three of hay on 
all plots to which insoluble phosphates were applied were as follows: 


TABLE 3.—-Average yields of corn, wheat, and hay after crimson clover, after 
rye, and after fallow. 


Corn, bus. Wheat, bus. Hay, pounds. 
After erimsonrclover oan. elec Js 39.4 19.8 3,500 
Aiter sallony.s sas 2 isn saes rth erate bes 39.4 20.8 3,866 
PRCCE TV COR. ocd poate oat Bost ate ems 41.8 2357 4,211 


The author suggests several reasons to explain the failure of clover 
to equal the rye, among them being the poor growth of the clover 
in recent years due to weather conditions. 
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Cowpeas were planted in 1896 and plowed under on limed and 
on unlimed plots. A rotation of wheat, hay, corn, followed. ‘The 
wheat on the cowpea plots was much larger than on the check plots 
eel. ILO, p. 9). 


MASSACHUSETTS. 


A special bulletin on green manuring by Dr. Julius Kuhn was issued 
in 1894, but the experiments discussed were all conducted in Germany. 

In certain other experiments potatoes were grown on clover sod, 
after one year of soybeans, and on land which had annually received 
a good dressing of nitrogenous fertilizer. All plots received annually 
equal applications of phosphoric acid, potash, and lime, but the clover 
land had received no nitrogenous fertilizer for 16 years. The yield 
of potatoes on the clover sod was almost as large as that on the 
fertilized plots and besides two cuttings of clover hay had been taken 
from this land. Soybean stubble did not improve the yield of pota- 
toes and the yields of oats and rye, which were grown for some years 
alternately with soybeans, steadily declined (13th and 16th Ann. Rpts.. 
pp. 94 and 123, respectively). Soybeans did not improve the fertility 
of the soil as measured by the yield of oats in an experiment sum- 
marized in the 9th Annual Report, pp. 176-177. 


NEW JERSEY. 


At the New Jersey station (Reports, 1912 and 1913) corn or oats 
were grown on land on which green manure catch crops of rye and 
of crimson clover or vetch had been turned under each year from 
1908 to 1912. The yields of corn for 1909, I91I, I912, and I913, 
and of oats for I91O were in every case conspicuously larger after 
crimson clover or vetch than after rye. 

An experiment on using cowpeas as a summer catch crop with 
rye and with wheat was carried on for five years, 1909-1913 (Report, 
mame. p. 201, atid Report, 1913, p. 473). The wheat crop of 1909 
before any legume had been used was 19.6 bushels on the plot with- 
out legume and 31.07 bushels on the legume plot, while the average 
yield of wheat for the four: following years was 11.87 and 19.51 
bushels respectively. While it is true that during each of these years 
the yield of wheat on the legume plot was higher than that on the 
nonlegume the difference was scarcely more than that which existed 
between the plots when the experiment began. The yields on these 
plots for 1914 are given in Bulletin 281 and it appears that the legume 
plots continue to return the largest yields. 

On the rye plots the effect of the legume is more marked. If, 
however, the crop of 1910 instead of the one for 1909 is chosen as a 
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basis for comparison, the effect of the legume on the wheat crop be- 
comes more evident. The crops for 1910 were preceded by a very 
poor stand of cowpeas, and on the legume plots the yield of wheat 
was but little more than that on the nonlegume plot, while the yield 
of rye was even less on the legume than on the nonlegume plot. In 


every subsequent year the crops on the legume plots were markedly ' 


higher than on the nonlegume plots. 

A comparison of the amount of dry matter in a corn crop following 
crimson clover stubble or the entire crop turned under is made in the 
Report for 1894, p. 135. The yield of crude fat, fiber, protein, ash, 
and carbohydrates in the corn was greater where the entire clover 
crop had been turned under, but the total food secured from the land, 
including clover and corn, was greater when only the stubble was 
turned under. 

In the 35th Annual Report, pages 223-226 (1914), Lipman and 
others report that the yield of rye was nearly a fourth more after 
legumes than on plots without legumes and that the yield of wheat 
was more than doubled. The percentage of nitrogen recovered was 
also higher in the grain crops from the legume plots. 

In the course of an experiment to determine whether ground lime- 
stone aids in the decomposition of organic matter, green alfalfa, 
timothy, oats, and peas were chopped fine and added to soil in pots 
(Report, 1914, p. 217). To other pots nitrate of soda was added, 
while the check pots as well as all others received equal amounts of 
mineral fertilizer. Buckwheat was used as the indicator crop. On 
the pot to which alfalfa had been added the amount of dry matter 
produced was nearly as great as on the pot to which the nitrate of 
soda was added, while the amount of dry matter on the timothy and 
on the oats and pea pots was greater than that from the check pots 
but did not equal that from the alfalfa pots. 

This station has also conducted a number of cylinder experiments 
in which leguminous crops were grown and turned under for a suc- 
ceeding crop. The yields of rye and corn were larger after crimson 
clover and hairy vetch had been turned under in the soil on which 
these legumes were grown, than on soil on which legumes had not 
been grown but to which an equivalent amount of green legumes had 
been added (Bul. 250). More nitrogen was also recovered in the 
corn crop in the former case. Further cylinder experiments are re- 
ported in Bulletins 288 and 289. Oats yielded better in 1909 and 
‘gto after hairy vetch than in cylinders without legumes (Bul. 288). 
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Crop rotations were conducted in 320 cylinders (Bul. 289) on one 
series of which green manure catch crops were used according to the 
following plan: Corn followed by crimson clover; potatoes followed 
by cowpeas and vetch; oats with cowpeas or soybeans between oats 
and rye, which was again followed by cowpeas or vetch. Another 
series of cylinders received stable manure at the rate of 15 tons per 
acre every two years; a third series received nitrate of soda at the 
rate of 160 pounds per acre. All received lime and mineral ferti- 
lizers and of two other series one received only lime and a eeiasy lime 
and mineral fertilizers. 

The amount of dry matter in the crops on the green manure series 
was much larger than that from any of the other series. Studies 
were also made of the amounts of nitrogen removed in crops and the 
amount left in the soil at the conclusion of the experiments. While 
the amount of nitrogen in the soil at the end (1912) was less than at 
the beginning (1907) in almost all cases this loss was least in the 
green manure series and from this series the largest amount of 
nitrogen had been removed in the crops (pp. 29-31). 

While the effect of the association of a legume and nonlegume, 
strictly speaking, is not included in the present study, its bearing upon 
the value of a legume is evident and a brief statement of the litera- 
ture on the subject will be included therein. Since the most important 
single contribution has been made by the New Jersey station, the 
entire literature will be reviewed here. 

In 1911 Lyon and Bizzell (Cornell Bulletin 294) gave analyses 
of timothy growing with and without alfalfa and of oats growing with 
and without Canada field peas. It was shown that the nonleguminous 
crop grown with the legumes contained a markedly higher protein 
content than that grown without. 

In Bulletin 253 of the New Jersey station (1912), Doctor Lipman 
reviews the older literature on the subject, criticizes the method 
adopted by Lyon and Bizzell, and reports extensive experiments 
made by the New Jersey station between 1908 and 1911. These ex- 
periments consisted of growing legumes and nonlegumes in cylinders, 
in pots in the greenhouse, and in some cases in field plots, in which 
case the nonlegume was grown both alone and in association with a 
legume. To determine whether or not nitrates pass by diffusion from 
the legume to the nonlegume, Doctor Lipman used small pots, in some 
cases glazed and in others unglazed, sunk in the soil contained in a 
larger pot, the legume being grown in the one and the nonlegume in 
the other. As a result of his experiments Doctor Lipman concludes 
that under favorable conditions nonlegumes associated with legumes 
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may secure large amounts of nitrogen from the latter, even though 
this may not be indicated by an increased proportion of nitrogen in 
the dry matter of the nonlegume. In the field experiments no satis- 
factory results were obtained. In some cases the yield of the non- 
legume was depressed because of the presence of the legume. This 
is ascribed to lack of moisture. 

A part of this experimental work had already been reported by 
Lipman (Jour. Agr. Sc., 3: 297) and a further discussion in regard 
to the methods and the priority of the work was entered into by 
Doctors Lyon and Bizzell and Doctor Lipman in the Journal of the 
American Society of Agronomy (Vol. 5, No. 2, pp. 65-82. 1913). In 
Bulletin 253 of the New Jersey station Doctor Lipman quotes from Bul- 
letin 61 of the South Carolina station to show that the beneficial effect 
of peas on the yield of corn has been noted by that station. The present 
writer has, however, been unable to find that the statement made on 
page 8 of Bulletin 61 of the South Carolina station is justified by the 
yields reported. It is stated that the yield of corn was increased, 
particularly on plot 4. Examination of the yields, however, shows 
that during 1898 the yield on plot 4 was less than 0.4 bushel more 
than that of the average on all the plots in the experiment, and in 
1899 the yield on plot 4 was actually less than the average of the 
other plots. 

Westgate and Oakley (Jour. Amer. Soc. Agron., 6: 210-215. 1914) 
report the analyses of a number of grasses growing with and without a 
legume. They conclude that the data presented are not sufficient to 
warrant the statement that a nonlegume growing with the legume will 
have an increased content of protein. 

At the Virginia station an experiment was conducted on the effect 
of the association of legumes and nonlegumes (Va. Technical Bul. 
1, April, 1915). The authors show that bluegrass growing with 
white clover and timothy growing with red clover did not contain 
more protein than when growing without, except that in the second 
year of the experiment the timothy growing with clover contained 
more protein than when growing without clover, but this may well 
have been the effect of the preceding year’s growth of clover. Corn, 
when grown with beans, produced a greatly increased crop and the 
percentage of nitrogen was also much larger when the corn was grown 
with beans than without. In the field experiment, however, corn 
grown with beans gave a lower yield than when grown without. The 
authors consider that the decreased yield in this case was due to the 
lack of moisture. 

Evans (Jour. Amer. Soc. Agron., 8: 348-357. 1916) has recently 
shown that bluegrass and timothy growing with clovers have a higher 
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protein content than when growing alone on check plots and also that 
the growth of grasses made between clippings when grown with clover 
exceeded that of grass grown alone by some 21 percent. 


RHODE ISLAND. 


Beginning with 1898 crimson clover was seeded between certain 
rows of blackberries and of blackcaps at the Rhode Island station, 
while other rows were left blank (Bul. 91). The crops of berries in 
I901 and 1902 were about twice as large on the rows receiving 
crimson clover as on the check rows. 

In 1896 an experiment was started on growing corn continuously 
with clover and with rye as green manures. ‘The total yield of hard 
corn for nine years, 1897 and 1905, inclusive, on the clover plot was 
378 bushels per acre and on the rye plot, 312.2 bushels. Beginning 
with 1808 the plots were divided so that some remained fallow. The 
yields on the fallowed sections averaged a little less than on the rye 
and much less than on the clover. From 1898 to 1902 there was a 
progressive improvement on the clover plot, as measured by the corn 
yield (Bul. 113). 

A series of rotations was planned in 1893 (Ann. Rpt., 1893, p. 
176), in one of which a legume replaced timothy and redtop, rota- 
tion B; while rotations E and F were alike except that rye was used 
as a cover crop in F, and a legume was used in E. 

In the annual report for 1897 it is shown that the yield of potatoes 
following clover sod on rotations A and C exceeded that following 
corn on rotations B, D, FE, and F by nearly 55 bushels. This increase 
consisted, however, almost entirely of small potatoes, the yield of 
large ones being only 1% bushels more after clover sod than after 
corn. Potatoes followed grass and clover sod on rotation C and 
followed corn on rotation D. In Bulletins 74 and 75 the yields of 
potatoes for the first and second courses of these rotations are re- 
ported. ‘The yield on C (grass and clover sod) was less than 1 bushel 
per acre greater for the two courses than from D (after corn, follow- 
ing grass and clover sod). 

Rotations E and F are discussed in Bulletin 76, in the Annual Re- 
port for 1902, and in Bulletin 167. In the latter the yields for the 
entire: period of 20 years have been brought together. These rota- 
tions were alike save that clover was seeded with the timothy in E 
and not in F, and that legumes, crimson clover and hairy vetch, weré 
seeded at the last working of the corn on rotation E while rye was 
used on F, 

The average yield of corn and potatoes on all plots of these two 
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series for 20 years, extracted from tables on pages 14 and 19 of Bul- 
letin 167, are as follows: 


Rotation E, Rotation F, 
bushels. bushels, 
Gorn (hard) :.. Ape re ec oie ees eee 56 53 
Potatoes yx ia ee hae. eds Cee 119 216 


This shows no benefit, under the conditions obtaining at the Rhode 
Island station, from using a legume rather than grass or rye. Atten- 
tion must be called, however, to the fact that on the continuous corn 
acre a leguminous cover crop gave better returns than rye (Bul. 113). 


SUM MARY. 


Potatoes and corn have been the chief indicator crops of this sec- 
tion, with wheat and oats of very minor importance. Crimson clover 
has been the chief green manure crop, red and alsike clover, cowpeas 
and vetch having been occasionally used. The records include care- 
fully controlled experiments and observations of small value, but the 
results are in general agreement as showing that a legume benefits the 
following crop of corn or potatoes, especially the latter. 

The addition of nitrogenous fertilizers did not always bring the 
yield on the nonlegume plot up to that from the legume plot. 

Rye was compared with clover as a green manure crop to precede 
potatoes and corn by the Connecticut, Maryland, and New Jersey 
stations and the clover was generally found to be superior. 

The entire clover crop turned under was found by the New Jersey 
station to yield a crop of corn containing more protein, fat, and 
carbohydrates than a corn crop on clover stubble, but the total amount 
of these feeding stuffs obtained in the two years was much greater 
when the clover was used for hay. 


(To be continued in the next number.) 


A LIMESTONE TESTER.! 
CyriL G. HopxKIns. 


The writer has designed a simple apparatus, by means of which the 
relative purity of limestone can be quickly ascertained with a very 
satisfactory degree of accuracy, the determination being based upon 
the basicity, or carbon dioxid content. As shown in figure 4, this 
limestone tester consists of two small glass bottles, joined together 

1 Contribution from the Department of Agronomy and Chemistry, College 


of Agriculture, University of Illinois. Received for publication November 18, 
1916. 
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and fitted with ground-glass stoppers, the stopper of the smaller bottle 
resting upon a surface only slightly inclined from the horizontal, and 
projecting loosely into the neck, thus serving as a valve. 

To make the test, place 5 grams of pulverized limestone in the 
larger bottle and fill the smaller one to the side opening with acid 
made by mixing about equal parts of concentrated hydrochloric acid 
and water and saturating with carbon dioxid. Insert the stoppers 
and weigh. Now tip the apparatus carefully until the acid begins 
to flow through the side opening. As it drops upon the limestone, 
the carbonate is changed to 
chlorid and the liberated car- 
bon dioxid gas passes through 


‘the side opening, lifting the 


small stopper as it passes out. 
Partly immerse the apparatus 
in cool water to keep it at 
about room _ temperature. 
Gradually transfer the acid 
until foaming ceases; then dry 
the apparatus with a soft cloth, 
weigh, and note the loss. To 
this loss in weight add about 
0.6 milligram for each cubic 
centimeter of air space in the 
loaded apparatus (see Tables 
meena 3), then deduct the 
proper percentage for the 


room temperatur I ieee! 
oe ature (about Fic. 4; Apparatus used in testing limestone. 


(e) 
percent mar 20, °C.—see Table Weight, about 40 grams; capacities below con- 
Fr), and divide by 2.2 tO get necting tube, about 35 and 40 cc., respectively 


_ the relative purity of the stone. 


. 


If the direct loss represented only the total carbon dioxid liberated, 
then its weight divided by 2.2 would give the relative purity of the 
stone in terms of calcium carbonate, since 5 grams of pure calcium 
carbonate contains 2.2 grams of carbon dioxid. 

However, the moist air which fills the air space at the beginning is 
replaced by moist carbon dioxid during the reaction. At 20° C. and 
745 millimeters barometric pressure (taken as room temperature and 
average atmospheric pressure at an elevation of 600 feet above sea 
level), 1 cubic centimeter contains 1.754 milligrams of carbon dioxid 
Or 1.154 milligrams of air, not including the water vapor. The 
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difference in weight is 0.6 milligram per cubic centimeter ; and, if the 
air space in the loaded apparatus is, for example, 75 cubic centi- 
meters, then, under these conditions, 45 milligrams should be added 
to the loss in weight. 

Again, the gas (air or carbon dioxid) passing out of the apparatus 
during the reaction is accompanied by some water vapor, which 
amounts to .017 milligram per cubic centimeter at 20° C. The com- 
bined weight of the carbon dioxid and water vapor in I cubic centi- 
meter, at 20° C. and 745 mm., is 1.771 milli@raieniecoee ee 7 a 
Thus, under these conditions, about I percent must be deducted from 
the first corrected weight. 

For example, 5 grams of a certain limestone shows a loss of 1.99 
grams. The first correction (45 milligrams) increases this to 2.035 
grams, and the second correction (20 miligrams) reduces it to 2.015 
grams. This divided by 2.2 gives 0.916, or 91.6 percent, as the rela- 
tive purity of the stone. 

For most practical purposes, the first correction is a constant for 
each apparatus, the variations for ordinary differences in temperature 
and pressure being negligible ; and the second correction varies signif- 
icantly only with change of temperature. Thus, 1f the room temper- 


ature is 30° C., add to the weight of escaped gas 0.6 milligram per 


cubic centimeter of air space and then deduct 1.74 percent (see Table 
1). This, in the above example, with a direct loss of 1.99 grams, 
would give a final corrected weight of 2 grams of carbon dioxid from 
© grams of stone, and this divided by 2.2 gives 90.9 percent. But, 
to perform the operation at 30° and compute the second correction at 


I percent, as should be done for 20°, would introduce an error of © 


0.7 percent in the purity found. 

To saturate the hydrochloric acid with carbon dingtes drop a piece 
of limestone weighing 3 or 4 grams into a 500 c.c. bottle of the 
diluted acid, replacing the stopper after foaming ceases. To de- 
termine the air space in the loaded apparatus, place 5 grams of pulver- 
ized limestone in the larger bottle, fill the smaller bottle to the side 
opening with water, and then pour in measured water from a gradu- 
ated cylinder and note the addition required to completely fill the 
apparatus. The vapor pressure of the dilute hydrochloric acid used 
is negligible, corresponding to less than 1 milligram of HCl per liter. 

A set of weights from 5 milligrams to 50 grams, a balance suitable 
for these weights with a capacity of 100 grams, a thermometer, a 25 


c.c. graduated cylinder, and the limestone tester, are all one needs for | 


determining the relative purity of limestone for use in neutralizing 


acidity, as in soil improvement. If one also has a barometer and a 


balance capable of weighing to 1 milligram, a still higher degree of © 


| 


| 
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uracy may be secured by using the data given in the accompany- 


ae UWICS, 


Thus, 5 grams of a pulverized limestone shows a direct loss of 


164 grams at 25° C. and 724 mm., with an apparatus having 71 
subic centimeters air space when loaded. When saturated with water 
vapor under those conditions, 1 cubic centimeter contains 1.659 milli- 
‘rams of carbon dioxid or 1.093 milligrams of air, the difference 
being 0.566 milligrams, or 40 milligrams in 71 cubic centimeters. This 
first correction being added gives 2.204 grams of moist carbon dioxid, 
of which 1.29 percent, or 28 milligrams, is water vapor, leaving 2.176 
milligrams of dry carbon dioxid, and this divided by 2.2 gives 98.9 
percent; whereas, if the barometric pressure were assumed to be 
745 mm., the purity found would be 99.0 percent, as may readily be 
computed from the data given in Tables 1, 2, and 3. (Tables 1 and 
3 are computed from basic data given in Castell-Evans’ Physico- 
Chemical Tables, I, 341; and Table 2 is Parr’s table extended to 


include the higher summer temperatures. ) 


‘Taste 1.—Carbon dioxid saturated with water vapor at 760 millimeters 
f (29.92 inches). 


Temperature. Milligrams per cubic centimeter. Pocniietar Pressure ae 
7 water v 
Carbon asst | Water vapor. Total. pester an pote: Sig 
1.879 0.009 1.888 0.50 9.2 
1.870 .O10 1.880 “53 9.8 
1.862 .OII 1.872 -57 10.5 
1.853. .OII 1.864 -61 neo 
1.844 .O12 1.856 .65 11.9 
1.836 .013 1.848 -69 12.7 
1.827 -013 1.840 ~73 25 
1.818 -O14 1.832 -78 14.4 
1.809 | -O15 1.824 -83 15.4 
1.800 .016 1.816 .89 16.3 
1.791 | JOLT 1.808 95 E74 
1.782 .o18 1.800 I.O1 18.5 
773 .O19 1.792 1.08 19.7 
1.763 -020 1.784 5.15 20.9 
1.754 .022 1.776 L232 a 
1.744 .023 1.767 1.29 23.6 
1.735 -024 1.759 1.37 25.0 
r.725 .026 ESE 1.46 26.5 
I.715 .027 4.742 1.55 to a 
1.705 .029 1.734 1.64 29.8 
1.695 .030 2.725 1.74 S1.5 
T.685 -032 I.716 1.85 33.4 
1.674 -033 1.707 1.96 35-4 
1.664 .035 1.699 2.08 | 37-4 
1.653 .037 1.690 2.20 | 30.6 
: 


1.643 .039 1.682 2.34 
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AGRONOMIC AFFAIRES: 
NEW BOOKS. 


Productive Farm Crops. By E.G. Montcomery, Professor of Farm 
Crops, New York State College of Agriculture, Cornell University. 
J. B. Lippincott Co. (Philadelphia and London), 1916. 21% cm. 
Pages 501 + xix; figs, 203; col. frontispiece. 

There has been a great need for a comprehensive textbook in one 
volume covering the entire subject of economic farm crops. The de- 
mand comes largely from secondary agricultural schools and from 
short-course students in agricultural colleges. Students of college 
grade are perhaps better taught by the lecture methed) ue a 
book should be complete so that the student who is educated in agri- 
culture may know something of the crops grown outside the region 
where he lives. It should be written in a language which may be un- 
derstood by student who is without technical training, but must not 
be so simple as to be uninteresting. 

The space allotted to each crop should bear some proportion to the 
importance of that crop to the whole production. It should be so ar- 
ranged with appropriate headings and subheadings that it is teachable. 
“Productive Farm Crops” seems to meet all of these requirements 
in a satisfactory manner. Many other good books have been written 
which cover the same subject. In fact, practically all of the infor- 
mation contained in “ Productive Farm Crops” may be found in other 
well-known works, but these other books usually are written for some 
particular region, are limited to a certain crop or group of crops, or 
else they contain a mass of irrelevant matter as soil physics, orchard 
management, and stock judging. 

Professor Montgomery has produced a first-class text book. 
Where but one volume is desired it would be valuable also as a ref- 
erence book. For reference purposes, however, a collection of two 
or more of the leading agricultural books, as one on the grains, an- 
other on forage crops, and perhaps another on fiber crops, would be 
more serviceable. 

It is customary in reviewing a book to find some fault with it. In 
this case it may be suggested that sugar-cane growing is of enough 
importance in this country to merit discussion; that sugar beets 
should be treated apart from mangels; and that hemp, hops, chufas, 
cassava each deserve a short paragraph. Sunflowers and artichokes 
might also be mentioned. These omissions are not serious and sink 
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into insignificance when compared with the merit which the book pos- 
sesses.—Lyman Carrier. 


MEMBERSHIP CHANGES. 


The membership reported in the previous issue was 609. Since 
that time 2 members have resigned and I1 new members have been 
added, making a net gain of 9 and a total membership at this time of 
618. The names and addresses of the new members, the names of 
the members resigned, and such changes of address as have come to 
the notice of the Secretary are printed below. 


New MEnmBERS. 


CLARK, Geo. H., Seed Commissioner, Dept. Agr., Ottawa, Canada. 
CRISWELL, JupDsoN H., 2807 Quarry Road, Washington, D. C. 

FINNELL, H. Howarp, 203 Boys’ Dormitory, College of Agr., Stillwater, Okla. 
Hopson, Encar A., 207 Delaware Ave., Ithaca, N. Y. 

Hotianp, B. B., Box No. 46, Route 1, Memphis, Texas. 

Kennepy, P. B., 11 Budd Hall, College of Agr., Berkeley, Cal. 

Lippitt, W. D., Great Western Sugar Co., 500 Sugar Bldg., Denver, Colo. 
Miter, FraAnK R., Bowker Fert. Co., 43 Chatham St., Boston, Mass. 
MatuHews, Oscar R., Belle Fourche Expt. Farm, Newell, S. Dak. 
RATLIFFE, GEoRGE T., Belle Fourche Expt. Farm, Newell, S. Dak. 
Winters, N. E., Supt., Substation No. 3, Angleton, Texas. 


MEMBERS RESIGNED. 


Laipiaw, C. M., Physics Dept., Ontario Agr. College, Guelph, Ontario. 
Stoppart, Cuas. W., Dept. Chem., Pa. State College, State College, Pa. 


ADDRESSES CHANGED. 


Atwater, C. G., Agr. Dept., The Barrett Co.,17 Battery Place, New York, N. Y. 
Buss, S. W., 17 Fifteenth Ave., Columbus, Ohio. 

pu Buisson, J. P., Senekal, OFSP., South Africa. 

Kemp, W. B., Maryland State College, College Park, Md. 

McLang, J. W., Bur. Plant Indus., U. S. Dept. Agr., Washington, D. C. 
Tucker, Geo. M., R. F. D. No. 8, Chevy Chase, Md. 

Scumitz, Nicxoias, Pennsylvania Statie College, State College, Pa. 
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NOTES AND NEWS. 


Victor L. Cory, superintendent of the Denton (Texas) substation 
at Krum, Texas, has resigned and on March 1 sailed for Freetown, 
Sierre Leone. 


James W. Day has been appointed assistant in agronomy and 
Joseph R. Neller, research assistant in soils, at the New Jersey 
station. 


R. J. H. De Loach, for the past several years director of the 
Georgia station, has resigned and is now in charge of the service 
bureau of the Armour Fertilizer Co., with headquarters at Chicago. 


C. A. Dorchester, assistant in farm crops, and J. A. Krall, of the 
farm crops extension force, have exchanged positions in the Iowa 
college for the college year 1916-17. 

A. R. Evans, instructor in farm crops in the University of Mis- 
souri, has resigned to accept a position in the Office of Markets of 
the U. S. Department of Agriculture. 


Edward T. Fairchild, president of the New Hampshire college since 
1912, died ‘at Durham, N7 112 on: january 22 

J. N. Harper, director of the South Carolina station since 1905, has 
resigned to take charge of the service bureau of the Southern Fer- 
tilizer Association, with headquarters at Atlanta. J. C. Pridmore, 
associate professor of agronomy at the University of Tennessee, re- 
signed on February 1 to become associated with him in this work. 


Arthur Huisken is now an assistant in soils at the Ohio station. 

Ove F. Jensen, who was engaged in graduate study at lowa State 
College last year, since July 1 has been assistant in crop production at 
that institution. 

Clarence C. Logan, assistant in soil extension, Ward H. Sachs, as- 
sociate in chemistry, and F. C. Richey, assistant in soil physics, all of 
the Illinois station, have resigned. 

M. L. Nichols has been appointed assistant professor of agronomy 
and assistant agronomist in the Delaware college and station. 

M. E. Olson, formerly farm crops superintendent at the Iowa 
station, on September 1 resigned to enter the Office of Corn Investiga- 
tions, U. S. Department of Agriculture. 


——————E——— 
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A. M. Peter is acting director of the Kentucky station, not direc- 
tor, as reported in the January JOURNAL. 


D. W. Pittman is now instructor in agronomy and assistant agrono- 
mist in the Utah college and station, 


George Roberts, treasurer of the American Society of Agronomy 
and head of the department of agronomy of the Kentucky College 
of Agriculture, has been appointed acting dean of that college, vice 
J. H. Kastle, deceased. 


W. H. McIntire, assistant in soil chemistry at the Tennessee sta- 
tion, has recently returned from leave of absence for graduate study 
at Cornell University, where he was granted the degree of Ph.D. 


G. L. Schuster became assistant in farm crops and R. G. Wiggans 
assistant professor of farm crops at Ohio State University with the 
beginning of the college year. 


John B. Smith has been appointed assistant in crops at the Mis- 
souri station. 


T. H. Stafford has succeeded H. L. Joslyn as assistant professor 
of soils at the North Carolina college. 


A. M. Ten Eyck, agricultural agent in Winnebago County, IIl., 
since 1914 and previous to that time extensions professor of soils at 
the Iowa college and professor of agronomy at the Kansas college, is 
now in charge of the agricultural service bureau of the Emerson- 
Brantingham Company, manufacturers of agricultural implements, 
with headquarters at Rockford, Ill. 


R. S. Thomas as assistant in soils and W. R. M. Scott as assistant 
in farm crops are recent appointments at Purdue University. 


At the annual meeting of the American Association for the Ad- 
vancement of Science, held in New York, December 26—30, the 
address of Dean Eugene Davenport, the retiring vice-president of 
Section M, agriculture, was entitled ‘The Outlook for Agriculture.” 
The topic discussed at the meeting of this section was “ The Adjust- 
ment of Science to Practice in Agriculture.” Different phases of 
this topic were discussed by Dr. H. J. Wheeler, of Boston, Dr. G. F. 
Warren, of Cornell University, Director J. G. Lipman, of the New 
Jersey station, and Director B. Youngblood, of the Texas station. 


The International Dry-Farming Congress, the National Irrigation 
Congress, and the International Soil-Products Exposition were held 


at El Paso, Texas, October 19-26, 1916. President W. M. Jardine, 


94 JOURNAL OF THE AMERICAN SOCIETY OF AGRONOMY. 


of the Dry-Farming Congress, outlined the history of the congress, 
told of the progress of the dry-farming movement, and stated that 
the work of the future must include the encouragement of livestock 
production, the betterment of home conditions, and the provision of 
profitable work for the farmer and his family throughout the year. 
Other speakers were Director Youngblood and A. H. Leidigh of the 
Texas station, President E. G. Peterson of the Utah) @vericaimurat 
College, Director Forbes of the Arizona station, Professor Throck- 
morton of the Kansas college, Col. A. J. Bester of South Africa, 
Niel Nielson of Australia, and J. M. Romagny of France. Gov. 
Frank M. Byrne of South Dakota was elected president for 1917. 


MEETING OF SOUTHERN AGRONOMISTS. 


The eighteenth annual convention of the Association of Southern 
Agricultural Workers was held in New Orleans, La., January 24-26, 
1917. ‘The officers of the association for the past year were W. M. 
Riggs (S. C.), president; T. D. Boyd (La.), vice-president; and Dan 
T. Gray (N. C.), secretary. General sessions were held in the morn- 
ings, while the afternoons were devoted to special sessions of the 
livestock and agronomy sections. H.A. Morgan (Tenn.), was chair- 
man of the agronomy section, and 'T. E. Keitt (S. C.), secretary. 

Perhaps the most important feature of the meeting from an agro- 
nomic standpoint was the report of the committee on coordinating 
investigational work in agronomy in the South. This committee con- 
sisted of C. B. Williams (N. C.), chairman, and C.) Ay Miecers 
(Tenn.), A. F. Kidder (La.), C. K. McClelland (Gajp ang si 
Keitt (S. C.). After presenting a list of projects in agronomy now 
under way at the Southern stations and showing wherein there was 
an overlapping in these projects, the committee made certain recom- 
mendations which may be briefly outlined as follows: » 

1. That eight main soil provinces be recognized and that these provinces be 
used as a basis in adjusting agronomic experimentation among the States. 

2. That new work be planned to eliminate duplication, particularly on soils 
of the same character. 

3. That work now in force be adjusted so as to correlate and eliminate 
duplication. 

4. That certain important fundamental data be reported in connection with 
each experiment. 

5. That the States Relations Service be requested to designate a man to col- 
lect and classify the projects in agronomy at the Southern stations and to advise 
the station directors regarding work being done at other stations in the South. 

6. That duplication of work in plant production be confined, so far as pos- 
sible, to duplication on different soil types or under different climatic conditions. 
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7. That in varietal tests the source of seed be given and be uniform, if 
possible. 

8. That varietal tests be conducted mainly to determine the best strains for 
local conditions and that improvement work be started with these best strains 
after they are determined. 

9. That the agronomic work at the stations be in charge of men trained and 
educated along agronomic lines. 


Loca. SECTIONS. 


At the fall meetings of the Iowa section, the progress of experimental work 
in agronomy in various States has been discussed. Officers of this section 
elected in October are: Clyde McKee, president; H. W. Warner, vice-president; 
Ove F. Jensen, secretary; and R. H. Bancroft, treasurer. 


The North Carolina local section of the American Society of Agronomy was 
organized at West Raleigh on December 19, 1916. The following officers were 
elected: C. B. Williams, president; C. L. Newman, vice-president; and W. F. 
Pate, secretary-treasurer. It is probable that the section will have about 20 
members when organization is completed. 


The thirteenth regular meeting of the Washington (D. C.) section was held 
at the Cosmos Club, December 18, 1916. The annual report of the secretary- 
treasurer was presented, after which the following officers were elected for the 
ensuing year: C. E. Leighty, president; John S. Cole, vice-president; A. C. 
Dillman, secretary-treasurer; and P. V. Cardon and Chas. E. Chambliss, addi- 
tional members of the executive committee. Mr. C. H. Clark then presented 
an illustrated paper on “Experiments with Seed Flax as a Winter Crop for 
the Southwest,” in which it was pointed out that a large part of the world’s 
flax crop was produced from fall seeding and that preliminary experiments in 
our own Southwest indicated the possibility of the establishment of an impor- 
tant new center of flaxseed production there. Mr. Frank C. Miles followed 
with an illustrated paper entitled “ Production of Hemp and Flax Fiber in the 
United States.” Mr. Miles gave statistics of the production of these two fiber 
crops, showed where and how they are produced, and outlined and illustrated 
the methods by which the fiber is separated from the woody portions of the 
stalks. 


The fourteenth regular meeting of the Washington (D. C.) section was held 
at the Cosmos Club on January 17, 1917, at 8 pm. The general subject for 
the evening, “Field Stations of the Bureau of Plant Industry,” was discussed 
by several speakers, with illustrations. “The History and Development of 
Field Stations” was outlined by Dr. B. T. Galloway, after which the work of 
the field stations of the various offices was discussed by the following: plant 
introduction gardens, P. H. Dorsett; dry-land stations, John S. Cole; irriga- 
tion stations, C. S. Scofield; forage-crop stations, H. N. Vinall; and cereal 
stations, H. V. Harlan and Chas. E. Chambliss. The program was followed by 
a social hour, with refreshments. 
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DIRECTORY OF LOCAL SECTIONS. 


GEORGIA STATE COLLEGE. 
President, 
Secretary, Geo. A. Crabb. 


CoRNELL UNIVERSITY. 
President, B. D. Wilson. 


Iowa STATE COLLEGE. 


President, Clyde Melee: 
Secretary, Ove F. Jenson. 


KANSAS STATE AGRICULTURAL COLLEGE. 


Secretary, ©.) Cunningham, 


MINNESOTA COLLEGE OF AGRICULTURE. 


President, C. P.- Bull 
Secretary, Cc. fH. Batley. 


NorTH CAROLINA. 


President, C. B. Williams, West Raleigh. 
Secretary, W. F. Pate, West Raleigh. 


OuIo STATE UNIVERSITY. 
President, 
Secretary, 
SoutH DaKoTA STATE COLLEGE. 


President, A. N. Hume. 
Secretary, Manley Champlin. 


NEw ENGLAND. 
President, 
Secretary, Earl Jones, Amherst, Mass. 


WasHINcToN, D. C. 


President, C. Ey eighty: 
Secretary, A. C. Dillman. 
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LIVESTOCK AND THE MAINTENANCE OF ORGANIC MATTER 
IN THE SOIL.* 


ELMER O. FIPPIN. 


Organic matter in the soil is universally recognized as necessary to 
; its largest productiveness. Maintenance of the organic matter con- 
stitutes one of the most trying problems of practical farming. In 
this paper it is desired, first, to press the importance of the organic 
constituents perhaps a little further than has commonly been done; 
and second, to direct attention to the effect of animals on the organic 
matter in the feed consumed in a way that has not been emphasized 
in the ordinary discussion of soil maintenance and _ livestock 
husbandry. 


PHYSICAL AND NUTRIENT FUNCTIONS OF ORGANIC MATTER. 


All of us readily concede the important physical effects of organic 
matter in its partially decayed form, in respect to structure and tilth, 
moisture capacity, color, and heat absorption. We also emphasize 
its importance as a source of moderately available plant nutrients and 
the preeminent storehouse of combined soil nitrogen. It is our 
custom to say that the plant substance is broken down in the process 
of decay and the nutrients reduced to very simple and soluble forms, 
such as nitric acid and the ions of the bases. These may be taken 
up by the roots of the growing plant and used in building new 
structures. 

It is not long since the use of nitrogen was limited to the nitrate 
form. The destruction of the highly organized nitrogenous sub- 


1 Presented at the ninth annual meeting of the American Society of Agron- 
omy, Washington, D. C., November 14, 1916. 
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stances of organic material, the liberation of ammonia, and its oxida- 
tion to nitrates by the various steps involving the intervention of 
microorganisms has been explained as the limiting factor in the 
availability of organic carriers of nitrogen. 

Without minimizing the operation of those processes, it is now 
known that many plants use ammonia. and the amino radical as a 
source of nitrogen. Some plants (e. g., rice)? seem to prefer the 
ammonia form of nitrogen to the nitrate form. An experienced 
English florist and gardener at Auburn, N. Y., states that it is pos- 
sible to force flowers and fruits in the greenhouse by exposing vats 
of liquid manure and other materials that will charge the atmosphere 
with ammonia. Not only the use of ammonia but its possible as- 
sumption through the aerial structures suggest interesting studies. 
It is also interesting to speculate—since very few data are available— 
on the possible correlation between the natural habitat of a plant 
(for example, rice in a marsh) and the kind of nitrogen fertilizer 
to which it will respond. 


OrGANIC ForMs oF NITROGEN AS PLANT Foon. 


The stir that has pervaded soil-fertility circles for the last twelve 
years has brought forward the idea of the toxicity to plants of cer- 
tain organic soil constituents® that all openminded students of the. 
subject of fertility are bound to accept as a factor in the system. 
This activity has also been coincident with and in part has led to 
the establishment of the first important fact that is here emphasized, 
namely, that plants can use nitrogen in highly organized compounds, 
such as creatinine,* casein, and barbituric acid.® 

This fact in itself is of large significance and should rearrange 
much of our teaching concerning practical soil management. It 
should give a new angle of vision on the use of stock and green 
manures. It should stimulate a close examination of the nitrogenous 

2 Kelley, W. P. The assimilation of nitrogen by rice. Hawaii Agr. Expt. 
Sta. Bul v24. torr. | 

3 Schreiner, Oswald, Reed, H. S., and Skinner, J. J. Certain organic con- 
stituents of soils in relation to soil fertility. U.S. Dept. Agr., Bur. Soils Bul. 


47. 1907. Further data on the subject are contained in later bulletins by Dr. 
Schreiner and his associates. . 
4 Schreiner, Oswald, Shorey, Edmund C., Sullivan, M. X., and Skinner, J. J. 
A beneficial organic constituent of soils: creatinine. U. S. Dept. Agr., Bur. 
Soils Bul. 83. rgrt. 
5 Hutchinson, H. B., and Miller, N. H. J. The direct assimilation of inor- 
ganic and organic forms of nitrogen by higher plants. Jn Centbl. Bakt., 2: 


513-547. IQI1I. 


FIPPIN : LIVESTOCK AND SOIL ORGANIC MATTER, 99 


compounds in plants and in animal wastes with reference to their 
direct use by plants. It suggests a further reason for study of the 
micro and the macro plant organisms in the soil, viz., their effect on 
the form and solubility of the organic nitrogenous substances. This 
is, of course, going on in commendable fashion in several laboratories. 


HIGHER PLANts Use OrGANIZED CARBONACEOUS MATERIAL. 


The second point to be emphasized is that the soil organic matter 
may contribute organized non-nitrogenous materials directly to the 
growing plant. It is now quite definitely established that plants can 
use many kinds of highly organized carbonaceous compounds pro- 
vided they are soluble, which solubility is of course essential to their 
transfer. The growing plant is able to use, to build into its new 
structure, ready-made molecules produced in an antecedent organism. 
It is like constructing a house of made-up parts, building up a book- 
case of sections. 

Knudson,® of the Cornell Station, has reviewed the available litera- 
ture on this point and reports a considerable amount of investigation, 
showing that the common range of plants, such as corn, timothy, 
field peas, radishes, and hairy vetch can utilize such a wide range of 
materials as sugars, alcohols, aldehydes, and organic acids. The 
substances used in his investigation were saccharose, maltose, lactose, 
glucose, and galactose. With the possible exception of galactose, all 
these substances caused a marked increase in growth under sterile 
‘conditions. Hutchinson and Miller? report relative to the assimila- 
tion of nitrogen compounds that “more or less satisfactory evidence 
_ of assimilation has been obtained,” with a list of eighteen nitrogenous 
organic substances mentioned. 


ORGANIC MATTER A SouRCcE OF ENERGY TO PLANTS. 


An additional point in connection with the use of these organized 
materials is the energy relations of the system. Every organic mole- 
cule such as those mentioned represents the storage of a definite 
amount of energy. That energy is derived from light, commonly 
‘sunshine. If it is possible for a plant to use material elaborated by 
the light falling upon-the leaves of a preceding plant, the new plant, 
‘using its own leaves to the full to receive the sunshine, should make a 
larger growth in a given time. 

® Knudson, L. Influence of certain carbohydrates on green plants. N. Y. 


(Cornell) Agr. Expt. Sta. Memoir 9. 1916. 
7 Hutchinson, H. B., and Miller, N. H. J. Loc. cit. 
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Knudson, in the paper previously mentioned, found that plants were 
able to make a measurable increase in dry matter under sterile condi- 
tions in the dark, thus indicating the direct use by the growing cells 
of the sugars studied. It is commonly recognized that the saprophytic 
organisms are dependent on this form of energy and that this rela- 
tion intimately controls such important processes as the fixation of 
nitrogen. That higher plants are also able to use such material is a 
most significant discovery. 

The practical aspect of this matter is the common custom of 
expert plant growers to load up their soil with freshly decayed 
organic matter. We never obtain the largest plant growth in a 
mineral soil, however large the supply of simple nutrients may be. 
The applications of manure in greenhouse and gardening practice 
bears no direct relation to the total soluble nitrogen and other nutri- 
ents supplied. The results suggest the sorting out and use of the 
suitable organized material that may represent only part of the 
soluble nutrients, not to mention the simple forms used under the 
influence of sunshine. 

I suggest the desirability of studying plant growth from the point 
of view of energy relations and the possibility of connection between 
this matter and the thermal sum for crop maturity.® , 


EFFECT OF ANIMALS ON ORGANIC MATTER IN FEED. 


We now come to consider the relation of livestock through their 
manure to the maintenance of soil organic matter. It is evident 
that if organic matter is important because of its organized structure 
and energy relations, as well as for its physical effects and supply of 
nutrients, a careful inquiry must be made into the effects of the 
animal on those organic materials. It has been customary to put 
the emphasis on the nitrogen, phosphorus, and potassium in the ma- 
terial, and by inference to suggest that the recovery of organic matter 
from the feed is similar in proportion to that of the nutrients. When 
the organic matter is considered, I suspect the average person is 
misled by the bulk of the material, made large by added water. 


DIGESTIBILITY OF FEEDS. 


The newer method of rating the feeding value of materials in 
terms of energy units provides data from which this matter may be 
studied. Armsby and his associates have made determinations in 
the calorimeter at State College, Pa., of the distribution of the energy 


8 Bolls, W. L. Temperature and growth.’ Jn Annals of Botany, 22: 557— 
592. 1908. 
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units in the feed consumed to the various body processes, and in the 
waste in both the undigested and the digested material.° These de- 
terminations cover a number of standard feeds and the use of several 
animals. Our interest in the results is the converse of the feeder’s. 
We are concerned with the wasted residue. The energy or thermal 
value of the material very well suits our purposes of estimating the 
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Fic. 5. Graph showing minimum percentages of organic matter recovered in 
animal feces and urine, with the sums of the minima. 


organic matter available after an animal has consumed and digested 
its feed. Table 1 and figure 5 show the proportion of organic matter 
in the solid and liquid feces. 

There is an additional waste of energy in the bowel gases, mostly 
methane, amounting to 6 to II percent of the energy of the feed. 
Of this no account is taken, as it is assumed to be lost. 

From this table it is apparent that the animal returns only from a 
seventh to less than a half of the organic matter in the feed. The 
return is largest for the coarse, fibrous materials and lowest for the 


® Armsby, H. P., and Fries, J. A. Net energy values of feeding stuffs for 
cattle. In U. S. Dept. Agr., Jour. Agr. Research, 3: 435-491. I9I5. 
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concentrates. The former are usually grown at home, the latter are 
largely purchased. ‘This point bears on the importance of purchased 
feed in maintaining the soil. 


TABLE 1.—Maximum and minimum percentages of organic matter in various 
feeds recovered in animal feces and urine, with the sums of the minima. 


Percentage recovered. 
Feed. ; Sum of minima. 
In feces. In urine. 
TIO CH Y2 Societe, 2 strech tose ee ae cee eee 41I.6—49.5 3.9-4.6 45-5 
Clover hay «he sc oho a ae 41.0—42.7 6.7-6.8 47.7 
Alfa lia May i ilecaccncnd’ soos ee ee OR enone 40.0-47.0 5-5-6.4 45-5 
GoOEniSCOV ER (5k). iso aaa cree keene ...| 42.0—43.0 4.0-4.5 46.0 
Wiheat ‘bran... Byeiaeueeer ee enone 30.0—33.0 5.0-6.9 35.0 
Corn meal xt re ore ee ee I2.0-15.0 3.3-7.0 rg.3 
Hominy. chop 72.23 cuvier cess ce ee eae IL.5—13.0 3.6—4.2 I'53% 
Mixedigrain INOm2 ike cuetcic cn ereeeet ate 18.0—27.3 3.7-5-2 2i.7 
Mixed hay and eornimeal.,.0pcrcs.trceerttonne 20.0—-28.0 3.5-4.2 23.5 
Alfalfa hay and cra eee ae ee 27.5—-34.0 4.3-5.3 31.8 


PRODUCTION OF MANURE. 


Comparison may be made of the digestion figures with the re- 
covery of organic matter in feeding practice. While there are many 
data on the production of manure, very few of the investigations have 
carried out all the weighings and determinations necessary to a 
conclusion. 

At Cornell University, R. E. Deuel investigated the production of 
manure and its several constituents by the college herd of-46 cows, 
The measurements covered a period of seven days and were the basis 
of a thesis for an advanced degree. The cows averaged 1,008 pounds 
in weight and were fed a ration that averaged 8.8 pounds of grain, 
320 pounds of silage, 10.2 pounds of low-grade alfalfa hay, and 4.2 
pounds of mangels. The grain consisted of cornmeal, distillers’ 
grain, and bran, with a little cottonseed meal and oilmeal. The floors 
are covered with concrete and brick both in stable and lot. Shavings 
and sawdust were used for bedding and in addition the manure was 
dusted with land plaster in the drop. It was carefully weighed and 
removed from the stable twice a day and on three days was sampled. 
Both manure and feeds were analyzed. Following is a summary of — 
the average manure production from each cow. 


Clear.excrement produced daily 2 .oc..% ccc osnceaure eae 76.2 pounds 
Excrement produced daily, ‘with bedding’: \. 22.0.7... eee 83.4 pounds 
Yearly production of excrement per 1,000-pound animal ........ 13.75 tons 

Organic matter ‘consumed: daily... c5./pteer ee aes ae ee 21.3 pounds 


Organic matter ‘voided: daily “cng « eocree aa ee eee 9.25 pounds 
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EES SS EE eee 43.3. percent 
EES OO Ea 0.59 pound 
cc. cence sc tj acccacnegesavencesesecte 0.26 pound 
ls via wbcctccewscvecccccouecssacesuece 44.3. percent 
De eis cc cd elbeeesccccitsevectaccseces 63.6 percent 
TINIEM Occ cs pov ecdiescvcutecieeds A Oa 81.8 percent 


The return of 43.3 percent of the organic matter can be approxi- 
mately checked by calculation from the digestibility tables of Armsby 
and Henry. The return of nitrogen, which appears low, is checked 
by calculation of the nitrogen in the milk produced. The return of 
mineral elements appears to be low and is not so well checked by the 
amount in the milk. 


Loss oF OrcAnic MATTER IN HANDLING MANURE. 


_ The organic matter in the feed must be followed further. There 
is a variable and unusually large loss in handling manure. Schutt’? 
exposed mixed manure from cows and horses in bins, one of which 
was open to the weather, while the other was sheltered from the rain 
and snow. ‘The loss of organic matter in six months was 65 and 50 
percent, respectively. Even when handled in the best way, there is 
a considerable loss which varies with the type of animal. Calcula- 
tions of the Ohio results’! in the production of manure by 28 and 
30 steers fed on a clay and on a cement floor, respectively, for six 
months show a recovery of only 12.7 percent and 10.9 percent, re- 
spectively, of the organic matter in the feed consumed.. 

The evidence is substantial that the average farmer does not return 
to the land more than 15 to 30 percent of the organic matter in the 
feed consumed by his animals. The loss from storage of such fer- 
mentive materials as horse manure is very large. Consider a heap 
of manure in the winter that. produces sufficient heat to melt frequent 
heavy snowfalls in the presence of temperatures around zero and that 
maintains an internal temperature hot to the touch. Contemplate the 
number of tons of coal required to supply this same amount of heat. 
_ The destruction of organic matter is as definite and effective in the 

heap as in the furnace for the same heat production. 

This is not necessarily an indictment against livestock husbandry. 
That business must rest on other factors than soil fertility. It sug- 
gests that perhaps the animal has been given too large a place in the 
maintenance of the soil. While the nutrients in manure are valu- 
10 Schutt, M. A. Barnyard manure. In Dept. Agr. (Canada) Central Expt. 


Farms Bul. 31. 1808. 
11 Thorne, C.E. Farm manures, p.100. 1913. Orange Judd Co., New York. 
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able if they can be saved, they are not indispensable. They can be 
purchased. The purchased feeds are usually not adequate to equalize 
the destruction of organic material by the animal. Concentrated 
feeds are most likely to be purchased. These are the materials 
on which the animal is most destructive. Therefore, while these 
purchased materials are an additional aid to keeping up the soil 
organic matter, they put off but do not necessarily avoid the evil 
day of a deficiency. 

The most critical factor in the system of soil management is organic 
matter. In view of the destructive action of animals, it may be 
better practice where the lack of organic matter is the controlling 
factor in yield to turn under a crop than to feed it. One crop in six 
may be turned under and the land be as well off as if the manure 
from those crops was applied. 

The question of the animal as a means of marketing crops must be 
considered. Where animal products are very high and crop products 
relatively low animal husbandry is most to be advised. On the other 
hand, where crops are relatively high in price and especially where 
the land is very poor,—if it is under cultivation—one can scarcely 
afford to keep stock; but where the land is not cultivated but is 
merely grazed without any attempt to keep up its productiveness the 
situation is different. 

These conclusions are contrary in some respects to the usual teach- 
ings. It is a business proposition whether you will keep stock. 
The animals should be entirely able to pay their own way. When 
the manure must be closely figured to show a profit from keeping 
livestock, one is on doubtful ground. 

The purchase of feeds is an aid in the maintenance of the soil 
but if the loss is not made good where the feed is produced, it is a 
system of “borrowing from Peter to pay Paul” and is not good 
national economy. Animal husbandry must stand on its own bottom 
and pay its way to the soil, whether its supply of feed is produced 
on the farm where it is used or obtained from another part of the 
country. 


SUMMARY. 


In conclusion, the points that should be emphasized are: 

1. The higher plants are able to use organized carbonaceous foods, 
both nitrogenous and non-nitrogenous. 

2. Carbonaceous food conserves energy in the process of growth 
of the crop and makes possible a larger total growth in a given time. 

3. The organic matter in the soil is the direct source of the car- 
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bonaceous material used by the plant. Any process that permits the 
destruction of organic matter that might find its way into the soil is 
likely to be poor economy. 

4. Animals destroy from half to nine tenths of the organic matter 
in the feed consumed. It is burned up in the body processes and 
expended as energy. 

5. A further large loss occurs in the handling of the manure. 

6. It is entirely possible to maintain the organic matter in the 
soil without animal husbandry. On very poor soils, animal hus- 
bandry may be bad practice. It may be justified by large profits from 
the animal products by means of which the loss of organic matter 
can be made up from other sources. 


CoRNELL UNIVERSITY, 
IrHaAcA, N. Y. 


HEATING SEED ROOMS TO DESTROY INSECTS.? 
EB G. MoNnTGOMERY. 


The problem of protecting stored seeds and grains from insects is 
one that confronts almost every agronomist. Often hundreds of 
small lots are kept over from year to year or even for several years. 
If the seed room becomes thoroughly infested, it often requires con- 
stant care to prevent the total loss of these samples. 

Fumigation with carbon bisulfid or hydrocyanic acid gas is the 
most common method of protection used. This, however, has cer- 
tain disadvantages and is not always effective. Both of these gases 
are dangerous to human life and, therefore, are not always safe 
to use when the storage room is in a classroom or office building. 
The fire danger from carbon bisulfid is so great that it cannot be 
used safely in large quantity, when it is likely to leak into adjoining 
laboratories or offices. The hydrocyanic acid gas is also corrosive 
and its continued use will generally destroy sacks and also the germi- 
nation of seed. 

Experience has also shown that fumigation is only partly effective, 
as it seldom kills all the eggs or larve. The gas can not penetrate 
into closed containers such as cans or bottles, and penetrates only 
very slowly into large masses of grain. 

1 Contribution from the Department of Farm Crops, New York State College 


of Agriculture, Cornell University. Presented at the ninth annual meeting of 
the American Society of Agronomy, Washington, D. C., November 14, 1916. 
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The heating method for killing insects has been well known for 
25 or 30 years, and in recent years has been advocated as a means 
of flour-mill fumigation.2 The experimental work has shown that 
grain insects exposed to a temperature of 120° F. for 15 to 20 
minutes will be killed. This temperature also kills the eggs, larve, 
and pupe. This complete destruction of all stages of the insects is 
a great advantage as one thorough treatment a year will ordinarily 
be sufficient, 

The Farm Crops Department at Cornell University fitted up a 
small seed store room with heating apparatus two years ago. We 
thought it would be a simple matter at first, but a number of problems 
developed. The room used was 8 feet by 18 feet by 10 feet high. 
The walls were light, temporary partitions, but were made tight with 
a coat of cement plaster. There are one window and one door in 
the room through which much heat escapes in cold weather, but there 
is little trouble in warm weather. 

For fumigating mills it is stated in both the Ohio and Kansas 
bulletins referred to that I square foot of radiating surface to 70 
cubic feet is sufficient to secure a killing temperature in midsummer. 
From 12 to 15 hours were needed, however, to attain this tempera- 
ture. In our store room, however, we have 1 square foot of radia- 
tion to 5.5 cubic feet of space and do not find it too much in winter, 
but it is more than is needed in summer. Probably a ratio of I to Io 
would be enough for the warmer months. 

The steam coils are connected to the regular steam oman system 
used for heating the building. We also have it connected with a gas 
boiler for heating when steam is turned off in the summer time. 
However, we have found the gas boiler unnecessary as one or two 
heatings a year are sufficient. 

One of our greatest difficulties was to secure a uniform heat in 
all parts of the room. Thermometers were hung at different heights 
in the room and were also thrust into sacks and boxes of grain to 
ascertain how long it would take for all parts to reach a killing 
temperature of 120 to 130 degrees. We soon found that the tempera- 
ture near the ceiling was 20 to 30 degrees higher than near the floor. 
As the germinating quality of grain is destroyed at 150° F. and prob- 
ably injured at 5° less if long exposed, it was found necessary to 
introduce an electric fan to keep the air circulating. The fan alone, 


2 Goodwin, W. H. Flour mill fumigation. Ohio Agr. Expt. Sta. Bul. 234. 
1912. Dean, Geo. A. Mill and stored grain insects. Kans. Agr. Expt. Sta. 


Bul. 189. 1913. 
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however, did not provide sufficient circulation until it was set near the 
ceiling, with.an 8-inch stove pipe at the back and extending to the 
floor (fig. 6). By this means the cooler air was sucked from the 
floor and delivered at the ceiling, resulting in a fairly uniform tem- 
perature in all parts, 

Further experiments showed that it took about Io to 12 hours for 
an outside temperature of 130° to raise the temperature in a 2-bushel 
sack of grain to 120° F. In closed boxes or cabinets a killing 
temperature would hardly be reached in 24 hours. To overcome this 
difficulty we made our larger grain receptacles (half-bushel size) 
with bottoms and tops of perforated metal. By placing these re- 
ceptacles on slatted shelves a fairly free circulation is secured, and a 
half bushel of grain will usually reach 120° in 5 or 6 hours with a 
room temperature of 130° F. 

It is of interest to note that mice are killed as well as the insects 
and that the germination of the grain has not been injured. Some of 
the ear corn on upper shelves was subjected to a temperature of 140° 
F. several times without apparent injury. After several years’ ex- 
perience with chemical fumigation, I find the heating method very 
much more satisfactory and perfectly practical where it would be 
dangerous to use chemicals. 

DEPARTMENT OF Farm Crops, 


CoRNELL UNIVERSITY, 
ItHaAcA, N. Y. 


PIETERS: GREEN MANURING, 109 


GREEN MANURING: A REVIEW OF THE AMERICAN 
EXPERIMENT STATION LITERATURE—2. 


A. J. PIETERS. 


(Continued from the February issue.) 


NORTHEASTERN DIVISION. 


The northeastern division, for the purposes of this paper, includes 
the states north of the Ohio River and east of the Missouri, except 
those bordering on the Atlantic Ocean. The Province of Ontario is 
also included in this division. Here, red clover is the chief legume 
used in the farm rotation, and is the only one entering into the experi- 
mental work of these stations to any great extent. 


CANADA. 


The most conclusive evidence we have regarding the value of red 
clover as a green manure is furnished by the work of the Central 
Experimental Farm at Ottawa. Although, so far as has been de- 
termined, the experiments usually ran for but one year, the number 
of tests made and the length of time during which these isolated 
experiments were carried on combine to make this a body of evi- 
dence of high value. Work on green-manure experiments is re- 
ported in various annual reports from 1893 to 1912 as well as in 
bulletins 40 and 165. 

For the purpose of this study the Canadian experimental farms 
may be considered in two groups. At the Central Experimental Farm 
at Ottawa and at the Nappan (N. S.) Farm the work with green 
manures and with legume catch crops has been almost wholly with 
red or mammoth clover. At the Western farms,—Brandon, Man. ; 
Indian Head, Sask.; and Agassiz, B. C..—a number of legumes as 
well as some nonleguminous green-manure plants have been tried. 
At both the Central Experimental Farm and the Nappan Farm atten- 
tion was paid to the influence of the clover on the grain crop with 
which it was growing. (Reports 1895, 1896, 1897, 1898, 1903, and 
1904.) While the yields were often irregular, there was no evidence 
that the grain crop was especially affected by the clover. At the 
Agassiz Farm the yield of grain was less when clover was growing 
with it (Rpt. 1896, p. 440), but at both the Brandon and the Indian 
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Head farms the results were similar to those reported from the 
Central Farm. 

At the Central Farm in 1897 eight twentieth-acre plots were 
selected, four being seeded to grain with red clover and four to 
grain without the clover. The clover crop was turned under and 
oats sown in 1898. In 1899 barley was grown. Not only did the 
clover increase the yield of oats by nearly 30 percent on the average 
but the residual effect on the barley of 1899 was marked (Report, 
1899). 

Other experiments gave similar results. In 1899 potatoes yielded 
28 percent better after clover than after carrots and in 1900 the 
yields of potatoes after a catch crop of clover with grain were uni- 
formly higher than after grain without the clover (Reports 1899 and 
1900). In all these catch-crop experiments there was but one plot 
of a kind at a time, which naturally detracts from the value of the 
individual experiment. However, the fact that these trials were 
made for several years and in some of these years in several inde- 
pendent series of tests and that the results were uniformly in favor 
of the clover gives this evidence high value. 

It will be impossible to quote at length from the tables presented 
in these reports; a few will serve as examples. In 1902 oats, corn, 
and potatoes were grown on land on which grain, with and without 
a catch crop of clover, had been grown in 1901. The yields were 
much more after the clover than on the plots without clover, as shown 
in lable 4. (Report, 1962," p. 39.) 


TABLE 4.—VYields of oats, fodder corn, and potatoes on the Central Experi- 
mental Farm in 1902, on plots on which wheat, barley and oats were grown the 
previous year, with and without clover. 


Previous crop. Oats. Fodder corn. Potatoes. 

Bushels Tons. Bushels 

Wheat mnorclover ay. s srt caine 63.53 16.40 353-33 
Wiheat clover: BM"... SPN ene 72.94 22.80 396.00 
Barley; norclovier( Ar. 4 setae 2 61.18 17.30 346.67 
ATIC Y ACHONEI 65.50. anes haves, Bs 70.59 23.60 386.33 
Gate, SAO ClO Viel. ul anak Loukas ces ec 58.88 15.00 358.33 
acs CLONE re. 5 ican hove tenn 70.59 29.40 392.67 


The tenor of the reports for the following years is the same. In 
every instance the plot on which a catch crop of clover had been 
grown outyielded the other plot. At the Nappan Farm a similar line 
of work was carried on during the seasons of 1905, 1906, 1908, 1909, 
and 1910. In practically every instance the yield was best after 
clover. 
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The report for 1903, pages 33-37, gives the results of an extensive 
experiment consisting of several divisions, each having a number of 
plots, on some of which clover had been grown for one season (1900) 
and then turned under, on others for two seasons (1900 and 1901), 
while on check plots no clover had been grown in 1900. The yields 
of various crops were all larger during the subsequent three (and 
two) years on the clover than on the no-clover plots. Table 5 shows 
yields of corn, oats, potatoes, carrots and sugar beets in I9OI, 1902, 
and 1903, following clover turned under. 


TABLE 5.—Yields of fodder corn in Igor, oats in 1902, and potatoes, carrots, 
and sugar beets in 1903 on the Central Experimental Farm on plots cropped 
to clover or without clover in preceding years. 


Fodder Oats e903. 
Previous crop. _ corn in 1902. aed 

in rgor. Potatoes. Carrots. | Sugar beets. 

Tons. Bushels. | Bushels. Tons. Tons. 
CTO 25.80 70.59 195.33 = —— 
ape a 20.08 58.82 ¥75.33 - —- 
Clover in 1900 and I901....... — 65.88 227.33 — — 
0 i 27.22 70.59 - 31.48 = 
Se 15.40 47.06 | — 20.32 — 
Clover in 1900 and I9o0r....... — 72.904 — 21.30 — 
Mmerrat SOOO. 205.2... ess... 27.88 75.29 —- oa 22.30 
MOEN cre Sas ke 19.64 ps e| — — 8.60 
miover, 19000 and'toor...:..... oa 68.23 ae ae 29 


“No germination. 


In this and in other cases the effect of the clover was marked for 
three years. In 1904 records of yields for three years following the 
turning under of a clover catch crop in 1901 were available. Corn 
in 1902 was followed by potatoes and these by barley in 1904 and all 
yielded larger crops on the clover than on the no-clover plots (Report, 
1904, p. 34). 

The Nappan Farm ar. 1905, p. 283) showed that a catch 
crop of clover in the grain turned under for grain the following year 
resulted in larger yields than where grain was grown continuously. 
The yields for 1905, the third year of the experiment, are given 
in Table 6. 


Tas_e 6.—Vields of wheat, oats, and barley in bushels per acre on the Nappan 
Farm in 1905, on plots continuously cropped to grain with and without clover 
for three years. ; 


Wheat. | Oats. Barley. 
Green manure, SON) Gey Pn RTE POLE iF 
Plot r. Plot 2. Plot rz. i Plot 2: Riot. Plot 2. 
i 34.33 39.00 41.18 60.00 32°75 38.54 


BE ee ay 40.00 41.67 55.20 60.85 37.92 42.92 
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Similar experiments with similar results are recorded in Report, 
1908, p. 261, and in Report, I9II, p. 332. 

At the Central Farm records were also kept of the yields of grain 
on a series of plots that had been heavily fertilized with commercial 
fertilizers for about ten or eleven years. .-At the end of this time 
the fertilizers were no longer applied but a catch crop of clover was 
substituted. The records are found in the Report for 1903, p. 32. 
With heavy applications of complete fertilizers the average yield of 
oats for eleven years was 44.88 bushels. The average for the five 
years following, when no fertilizer was applied, but clover was turned 
under, was 56.69 bushels. The average annual yield of wheat was 
increased under this system by more than 40 percent and that of 
barley by 48 percent. While it is probable that in these cases. the 
clover served to make the residues of the previously applied fertilizers 
available, this is in itself a useful function. 

Besides the annual reports referred to, the subject of red clover 
as a fertilizer is discussed in Bulletin No. 40 of the Central Farm and 
by F. T. Shutt in Science for August 30, 1907, p. 265. The material 
in these publications is, however, identical with that of the Reports. 

Alfalfa and timothy sods were compared (Bulletin, Ontario Agr. 
College, No. 165) in 1900-1903. Sods of both were plowed each 
year and wheat, barley, and corn planted. The yields were as 
follows: 


Igo! 1902 1903 

Winter wheat. Barley. Corn. 
PSTREE ANEANT A aces ao char ees aps 61.5 bu. 30.2 Bt: 24.0 bu. 
PELPOL tiIMOtey wae aahae ewes 42.1 bu. 19.7 bu. 17.9 bu. 


Although a discussion of the quantity of nitrogen added to soils 
by clover is not included in the scope of the present paper it may not 
be out of place to refer to one very instructive experiment recorded 
in the Canadian ‘report for 1911, p. 173. This -expermmeme was 
started in 1902 at the Central Farm (see also F. T. Shutt’s article in 
Science, Aug. 30, 1907, p. 265). <A plot 16 feet by 4 feet was staked 
off and the sides protected by boards sunk to a depth of 8 inches. 
The surface soil was removed and new sandy soil the nitrogen 
content of which was 0.0437 percent was substituted. Superphos- 
phate and muriate of potash were added and red clover sown. Dur- 
ing each season the crop was cut twice and the material allowed to 
decay on the ground. Every second season the crop was turned 
under, the soil being stirred to a depth of 4 inches, and clover was 
again seeded the following spring. Table 7, taken from the report 
for IQII, p. 173, gives the data obtained during nine years of clover 
growth. 
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TABLE 7.—/ncreasé in nitrogen in soil due to growth of clover, as shown by 
the percentage of nitrogen in water-free soil and the pounds per acre in the 
surface 4 inches. 


Percentage of Pounds of nitrogen 


Period from beginning of experiment. Date of collect'on. | nitrogen in water- per acre to depth 
free soil. of 4 inches. 
Before experiment began........ May 13, 1902 0.0437 533 
re May 14, 1904 .0580 798 
ST May 15, 1906 .0608 742 
MPEEAVE VOEOTG. 6c i eee May 30, 1907 .0689 841 
NN May 23, 1908 .0744 908 
mumer eeven years. ..........55. May 4, 1909 .0750 O15 
Meer Mane VEATS, 2... ee eee May 5, IQII .0824 1,005 
Increase in nine years.......... .0387 472 — 


ILLINOIS. 


_ At the Illinois station rotation plots have been carried on since 
before the organization of the station and are mentioned in 1888 in 
the first annual report as number 23 of the University of Illinois 
experiments. From time to time the results from these and from 
othér plots added later have been reported or conclusions have been 
drawn from data based on the yields from these plots. 

In Bulletin 31 (p. 357), 1894, is reported the yield of corn and 
oats on ten plots for the years 1888 to 1893, inclusive. To some 
plots stable manure was applied and to others commercial fertilizers, 
while on some clover preceded the corn. The use of clover appears 
to have had nearly the same effect as the application of 24 loads of 
stable manure annually and the average yields of corn from the 
clover rotation plots was much better than from the corn-oats plots. 
In 1890 and 1891 there was corn on clover rotation plot 7, on 
corn-oats plot 4 and of course on the continuous corn plots 1, 2, and 
3. Plot 1 received stable manure. The average yields for those 
years were: Plot 1, 49.6 bushels; plot 2, 35.3 bushels; plot 3, 38.6 
bushels; plot 4, 43.7 bushels; and plot 7, 47.9 bushels. 

In 1888 and in 1893 there was corn on clover rotation plots 9 and 
_ 10, on the corn-oats plot, and on plots I, 2, and 3. The average yields 
for the two years were as follows: Plot 1, 45.3 bushels; plot 2, 38.3 
bushels ; plot 3, 37.9 bushels ; plot 4, 39.5 bushels; plot 9, 51.6 bushels, 
and plot 10, 48.0 bushels. It is clear that the rotation including 
clover has maintained the fertility of the soil better than manure or 
commercial fertilizers and this effect is well marked in a poor corn 
year as 1893. The author states that the same was true in 1887. 

In Bulletin No. 42 (1896), p. 177, is given a table covering the 
yields on plots of Experiment No. 23, up to and including 1895. The 
increase in the corn crop when grown in a 3-year rotation was 20 
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bushels per acre over the corn-oats rotation for the corn crops im- 
mediately following the clover and 15.2 bushels for the second year 
of corn after clover. Other references to Experiment No. 23 will 
be found in Bulletins 8, 13, and 37. 

In Bulletin 88 (1903) is reported work done on several experi- 
mental farms. Since the year 1903 was an unusually poor one for 
wheat the data are not of much value for our purpose except those 
from the Cutler field. It is shown (p. 140) that on this field the 
turning under of a crop of cowpeas in 1902 increased the net returns 
from the wheat crop of 1903 over that from a corresponding plot 
from which the cowpea crop was removed. The question whether 
the value of the cowpea hay turned under was more or less than 
the increased returns from the wheat is not discussed. 

Bulletin No. 99 (1905) contains the record of experiments on cer- 
tain fields on the Lower Illinois glaciation. On the Edgewood west 
field cowpeas were grown on one plot in 1896 and buckwheat on 
another and the crops were turned under for corn the following year. 
This was repeated in 1898 for the corn crop of 1899. The season 
of 1897 was so unfavorable that no conclusions can be drawn. In 
1899 on the undrained series of plots the corn crop on the cowpea 
plot of 1898 was more than 50 percent greater than on the sodium 
nitrate plot having the highest yield. On the drained series, however, 
one of the untreated plots returned the highest yield and the cowpea 
plot ranked fifth in a list of seven plots. In 1902 a catch crop of 
cowpeas was grown in the corn but the oat crop of 1903 showed 
no improvement. On the Odin field also the legume catch crop 
did not produce an increased yield of the following crops. It should 
be added, however, that the authors point out that the season of 
1902 was “‘very dry and the cowpeas made but little growth.” 

On the Cutler field, reference to which was also made under 
the discussion of Bulletin No. 88, corn was grown in 1904 on the 
wheat plots of 1903. While the yield of corn was slightly better 
on the plot on which cowpeas were turned under in 1902 than on 
that from which the hay was removed, it was much less than the 
yield from the plot receiving manure instead of the cowpea vines. 
This was equally true of the plots with and without lime. It is 
presumed that 2 tons of manure per acre per year, all applied at one 
time on the corn, was used. The 1904 wheat crop was much injured 
by rust and consequently conclusions drawn from these plots would 
be open to objection. 

Further records from some of these experimental fields are given 
in Circular No. 97 (1905). The yields of wheat following a legume 
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(cowpea) catch crop were sometimes less and sometimes more than 
those on the check plot, but the differences were mostly too small 
to be significant. In 1904 some plots on the Cutler field (page 9) 
received nitrogen (100 pounds per acre in 700 pounds dried blood) 
instead of the legume catch crop. A comparison of three plots re- 
ceiving a legume plus mineral fertilizers, including lime, with three 
in which nitrogen replaced the legume shows slightly higher yields 
for the nitrogen plots, but here again the differences are not marked 
enough to warrant any conclusions from a I-year test. 

On the Vienna field (p. 11) the turning under of a legume (cow- 
pea) crop appears to have increased the crop of wheat in 1905 very 
much, from 1.3 bushels per acre on the nonlegume to 10.8 bushels 
on the legume plots. These figures, with others, are also given in 
Soil Report No. 3 (1912), p. 9, and in Soil Report No. 11 (1915), 
p. 11. The increase in the yield of wheat is striking, especially so 
since the corn yield of both 1902 and 1903 was larger on the non- 
legume than on the legume plots, indicating if anything slightly 
better soil on the former. However, in 1909 cowpeas were again 
removed from Plot 1 and turned under on Plot 2, but the corn crop 
of 1910 was only 1.9 bushels higher on Plot 2 than on Plot 1. In 
view of the fact that the results with wheat after turning under 
cowpeas on plots of series 200 and 300 were not so marked as on 
' those of series 100 and in view of the small increase in the corn crop 
on all of these series after turning under a crop of cowpeas the large 
increase in the yield of wheat on plot 102 must be taken cautiously. 
The results do show a general increase of yield, however, on the 
plots on which the crop of cowpeas was turned under. 

Pot experiments with a worn soil were carried on from 1902 to 
1905 and are reported in Circular No. 97, pages 12 to 19. Part of 
these data are also given in Soil Reports No. 3, No. 7, No. 11, and 
No. 12. On some pots a catch crop of cowpeas was turned under 
with lime. The crop of wheat during 1903, 1904, and 1905 was 
markedly better on the legume-lime pots than on those receiving no 
treament, but how much of this gain is due to the lime can not be 
determined. One set of pots received a legume with lime, phos- 
phorus, and potassium while in another set nitrogen in commercia! 
form was substituted for the legume. While the crops of 1903 and 
1904 were generally better and in some cases very much better from 
the “nitrogen” pots, that of 1905 was either better from the legume 
pots or as good as that from the nitrogen pots. In Soil Report No. 
12 the above data are repeated and the yields for 1906 and 1907 are 
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included. These show that in general the legume continued to give 
better results than considerable quantities of commercial nitrogen. 

In Bulletin No. 115 (1907) further details are given concerning 
the experiments on the Vienna field. It is claimed that the use of 
legume green-manure crops (cowpeas) doubled the total yield of 
wheat for 1904, 1905, and 1906. ‘The figures given are correct, but 
the increase in 1904 on the 200 series was negligible, and that of 1906 
on the 200 series was not large, while the greater part of this total 
increase was made on the 100 series, in 1905. No information is given 
as to the difference, if any, between plots of the 100 and 200 series 
but it may be questioned whether it is desirable to average figures 
taken from plots on different series. The yields of corn during 
1904, 1905, and 1906 were also slightly higher on the legume plots 
than on the nonlegume plots, though the total difference for the three 
years was slightly under 10 bushels. 

The pot-culture experiments mentioned above from Circular No. 97 
are again reported with the addition of the record for 1906. On 
the pots receiving phosphorus and potassium in 1906 the legume 
catch crop appears to have supplied the nitrogen, while where nitrogen 
and lime only was applied the yield was much lower than from the 
legume-lime pots. 

In Bulletin No. 125 (1908), Hopkins, Readhimer, and Eckhardt 
give an account of thirty years of crop rotations at the Illinois station. 
Part of the work reported is that on the oldest plots commenced in 
1879 and part on the new series laid out in 1895 and brought under 
definite systems of crop rotation and soil treatment in 1900. The 
record of the yields on the older series is also given by Hopkins 
in the latest edition of his book on Soil Fertility and Permanent 
Agriculture, p. 457. While working up these data the writer was 
able to secure also the records for 1913 and 1914, so that tables 
presented below have been compiled from the records ‘as given by 
Doctor Hopkins in his book, with the addition of those for the last 
two years. In 1904 the plots of the older series were divided and the 
south half planted to a legume catch crop each year together with 
lime, manure, and phosphorus. The north half had no treatment. 
Comparing the corn yields from the 2-year corn-oats rotation with 
those from the corn-oats-clover rotation it is evident that the yields 
have been maintained at a higher level by the latter rotation than by 
the former. The addition of the treatment to the south half of each 
plot also increased the yield but the presence of several other factors 
makes it impossible to draw conclusions in regard to the use of a 
legume catch crop on these plots. 
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Table 8 gives the yields of corn on the plots of the 2-year and the 
3-year rotations, since 1904. While this record seems quite satis- 
factory so far as showing the benefit to corn, when the yields of 
oats for the same period are studied it is seen that the 2-year corn- 
oats rotation has given slightly better yields than the corn-oats-clover 
rotation. 


TasBLe 8.—Yields of corn and oats in bushels per acre obtained in a 2-year 
corn-oats rotation and in a 3-year corn-oats-clover rotation, with and without 
a legume catch crop. 


CORN. 
Two-year rotation. | Three-year rotation, 
Legume | Legume, 
Non-legume| manure, : Noneg ume} manure, 
Year plots. lime, and | Year plots, lime, and 
phosphates, | phosphates, 
See VS 50.0 ALBA Oar | 455° 92.7 
A 47.8 87.6 1907 80.5 93.6 
REG aig win wie' gc nic esp se see ee 33.0 64.8 I9I0O 58.6 83.3 
I se 28.6 46.3 1913 33.8 47.8 
EE hia s se ce ae. 29.2 25.0 
ee ca a a ok andi ee as 29.7 53-3. | 57-05 74.35 
Average yearly increase for 3-year 
Sn (es 19.35 20.65 
OATS 
ec cakes se ee ee 34.7 52.5 1905 42.3 50.6 
CIEE Ra Lecalalcfa scm a ss see ee 32.9 15.0 1908 40.0 44.4 
es AE Se 33.8 59.4 IQII 20.5 37-0 
eS 55-0 81.0 I9gI4 39.6 60.4 
Ne Sel nia aie esse he eee 33.6 58.2 
Rk a 38.0 Bgi2% . | 35-6 48.3 


On the new series of plots a legume catch crop (cowpeas at last 
working of corn or clover with oats) was introduced in 1go1, but the 
record up to 1907 does not show any benefit from this treatment, for 
the “ effect has been a decrease as often as an increase” in the regular 
crop. 

For drawing conclusions as to the vaiue of a legume in the rota- 
tion the data available in 1908 on the newer series can scarcely be 
used, for a corn crop was grown on all comparable plots in only one 
year. In that year (1904) the average yield of corn on all plots of 
the 3-year rotation (series 300) exceeded that on all plots of the 2-year 
series (500) by 29.5 bushels and the oats yield in 1895 on the 3-year 
rotation plots exceeded that in the 2-year plots by 7.8 bushels, a 
result different from that obtained with oats on the older series of 
plots. However, it should be noted that between 1898 and 1904 
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the plots of series 300 produced but one corn crop while those of 
series 500 produced four. 

A comparison of the effect of a legume catch crop in oats with 
that of manure may be made for the years 1905 and 1907. In 1904 
and 1906 clover was sown in oats on the plots of series 400, numbers 
2, 4, 6, and 8. On number 4 lime was added, on 6 lime and phos- 
phorus, and on 8 lime, phosphorus, and potash. Plots 3, 5, 7, and g 
are the corresponding plots where manure was used instead of the 
legume. The average yields of corn from the above plots in 1905 
and 1907 were as follows: In 1905 on all legume plots, 63.2 bushels, 
and on all nonlegume plots, 71.7 bushels; in 1907, 78.6 and 69.0 
bushels, respectively. The average yields for the two years were: 
On legume plots, 70.9 bushels, and on nonlegume plots, 70.2 bushels. 
Apparently the legume catch crop and the manure have been equally 
efficient. 

Circular No. 96 (1905) presents many of the same data given in 
Bulletin No. 125, and will not require special mention. 

Although not directly in line with this study it may be admissible 
to mention here an interesting experiment recorded in Bulletin 182 
(1915). In the course of a series of pot experiments with the 
“insoluble residue” from soil from which the acid-soluble potassium 
had been extracted, it was found that the clover failed or grew very 
poorly at first. By turning under what did grow and by improving 
the mechanical condition of the soil with sand from which the potas- 
sium had also been extracted, at the end of three years there was a 
fair growth and the total amount of potassium removed from the soil 
was many times greater than that which had been added in seed and 
impurities. The authors state that 99 percent of the potassium re- 
covered in the crop was secured from the “insoluble residue.” This 
was made possible by two years of green manure. ~ 

In Soil Report No. 14, Hopkins and others report on a test of 
green manures and commercial nitrogen on wheat. Wheat was grown 
in pots to some of which commercial nitrogen (amount not stated, | 
but said to have been in excess of the value of the crops produced) 
was added. In other pots cowpeas were grown in late summer and 
fall and turned under for wheat. After the second year the crops 
raised after cowpeas were better on the average than those that had 
received commercial nitrates. 

INDIANA. 


This station appears to have conducted two long series of rota- 
tion and fertilizer experiments. The older, commenced in 1880, is 
mentioned in Bulletins 27 and 64. Besides continuous wheat culture, 
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rotations of corn, oats, and wheat and of corn, oats, wheat, and 
clover-timothy were conducted. In Bulletin 64 (1897) the yields 
for the previous nine years are reported as having been 6.22 bushels 
of corn more for the rotation with “ grass” than for the grain rotation. 
At the end of the 9-year rotation period the entire field was put 
into corn. The corn in 1896 yielded an average of 5.66 bushels more 
on the “grass” rotation plots than on the grain rotation plots (Re- 
port, 1896). The gain in wheat is said to have been 7 bushels an acre 
(Annual Report, 1895).* 

In Bulletin 88 is a record of another experiment in which a corn- 
oats-wheat rotation was compared with a rotation of corn-oats-wheat- 
clover. Both rotations were fertilized at nearly, though not always 
at exactly, the same rate. The yields of corn, oats, and wheat for 
four complete rotations are recorded and the average annual yields 
are given below. 


Grain rotation. Grain and clover. 
OS 50.52 bushels 34.34 bushels 
0 SS 55-08 bushels 45.62 bushels 
A 0 30.99 bushels 20.37 bushels 


It is evident that the effect of the clover has been masked by that 
of the fertilizers, but it is not clear why the clover rotation should 
have given such poor returns. 

In Bulletin No. 114 (1906) what appears to be another rotation 
series is reported. Wheat was grown continuously or rotated with 
corn, with corn and oats, or with these and clover or with clover and 
timothy. The average wheat yields for the period of the experiment 
(18 years?) are as follows: 


Continuous wheat ....... SORE OSEEE SIRE | SONRT La lee et RE SEAR 22.7 bushels 
IR IM ee Fo. asc bv doe die oo cale alae visit bb's 16.5 bushels 
ES ASS 22.0 bushels 
Pome Outswiieat. timothy and clovef ..........s..60-8- 25.6 bushels 
Meee eMC CIGVCL . d,s ec ic ease doewteeccs 29.1 bushels 
MeMPORIaEa ee wieaL GLOVED... ioe. ee ue cee eda wade se de 25.2 bushels 


In these experiments continuous wheat culture appears to have 
given better results than a grain rotation. The introduction of clover 
into the rotation caused some increase in the yield of wheat. The 
average of the last three wheat yields was 16.9 bushels on the corn- 
wheat and 22.1 bushels on the corn-oats-wheat-clover rotation. 

_ #References to this series of experiments of more or less importance are 
found in the following bulletins and reports: Bulletins 16, 1888; 27, 1889; 32, 


1890; 39, 1892; 43 and 45, 1893; 50 and 51, 1894; 55, 1895; 64, 1897; Annual 
reports for 1888, 1804, 1895, and 1896. 
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IOWA. 


Brown in Research Bulletin 6 (1912) presents a study of the effect 
of rotations on the bacterial activity of soils. This work was carried 
on in a field that had been in various rotations from 1907 to 1911 and 
the yields for 1911 from the various rotations are given. It appears 
that the plots having a corn-oats rotation with a cowpea catch crop 
returned the lowest yield, a trifle less than the continuous corn plot. 
The corn-oats-clover with clover catch crop returned 20 bushels per 
acre more than the lowest plot. The results have little value, how- 
ever, as the time covered (4 years) is short for the effect of rota- 
tions to become evident. 

The yields of corn for 1912 and 1913 are given in Research Bul- 
letin 25 and these show that in 1912 the best yield was obtained from 
the plots on which a clover catch crop was turned under and that a 
cowpea catch crop was followed by yields nearly as large as those 
taken from the 3-year rotation plots. In 1913, however, the 3-year 
corn-oats-clover rotation gave the largest yields, followed by the plot 
on which rye had been turned under. The yields from the clover 
and the cowpea catch crop plots were less than where rye had been 
turned under. 

In Bulletin 161 it is stated that for Iowa soils yields are better in 
rotations than in continuous culture, but it was also found that cow- 
peas sown at the last working of the corn depressed the yields of corn 
slightly over the 8-year period. During the first 4-year period the 
yield after a cowpea catch crop was slightly better than from the 
check plots, but during the second 4-year period the reverse was the 
case. When manure or manure and cowpeas were used the cowpeas 
depressed the yield during both periods, but when phosphorus was 
added slightly higher yields were obtained from the cowpea plots than 
from those with manure and phosphorus but without cowpeas. 

Oats yielded slightly better for the 8-year period on land having 
had a cowpea catch crop than on the check, but when manure or 
manure and phosphorus were added to the cowpeas the yields were 
lower on the cowpea plots than on those without cowpeas. The 
authors attribute this depressing effect to “unsatisfactory moisture. 
conditions and lack of available plant food.” 

The effect of turning under various catch crops and of the use 
of clover as a crop in a 3-year rotation of corn-oats-clover is shown 
in Bulletin 167 (1916). Besides the 3-year rotation there were four 
2-year rotations of corn and oats, one without a catch crop, one in 
which clover was sown with the oats, and two in which cowpeas and 
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rye respectively followed the oats as catch crops. All three catch 
crops were turned under in the fall preceding the corn. It is stated 
that satisfactory quantities of green material were plowed under in 
each case. Comparing the yields on the 2-year rotations it is noted 
that the use of cowpeas and of rye did not increase the corn yields 
during the six years of the experiment, but that the yield following 
the clover catch crop was more than 11 bushels better than that on the 
plain 2-year rotation. The yield of oats was practically the same on 
the 2-year rotations with catch crop and on all was slightly better 
than that from the check rotation. The yield of corn from the 3- 
year rotation was a little less than that from the 2-year clover catch 
crop plots, but the yield of oats was more than 10 bushels better than 
that from the 2-year catch crop rotation. The financial results given 
show that the 3-year rotation was most profitable, closely followed by 
the 2-year rotation in which a clover catch crop was used. 


MICHIGAN. ’ 


In 1896 this station started an experiment which we must regret 
has not yielded more positive results. The plan as given in the Report 
for IQII, p. 212, was simple but calculated to answer fundamental 
questions. On one series wheat was grown continuously, on two 
plots wheat alternated with clover, on two orchard grass was grown 
continuously, and on two other plots clover was to have been grown 
continuously. There were also two fallow plots on which no crop 
was grown for ten years. Some other rotations were also tried, as 
well as continuous corn culture. There are indications that the land 
was not uniform or if so that the method of treatment left much to be 
desired. From 1890 to 1896 ail plots were cropped the same so as 
to determine the uniformity of the soil. But in 1896 wheat yielded 
2,620 pounds, 3,440 pounds, and 2,300 pounds on plots 62, 64 and 
66, while the average yield of plots 1, 7, 36, 60, and 68, was but I11 
pounds. No explanation is offered for these wide variations, but » 
the work was carried out on this land. After ten years of cropping 
as above stated all plots were planted to corn in 1906, oats in 1907, 
and wheat in 1908, to determine the effect of the previous cropping 
on fertility. During these 10 years the clover had failed twice on 
the wheat-clover rotations and there is no record of a clover crop for 
six years out of ten on plot 34 and for four years out of ten on plot 
72, both continuous clover plots. Whether the clover failed (and if 
so, how the plot was treated) or whether the record was lost is not 
stated. The average yields in pounds per acre of all plots of a kind 
in 1906, 1907, and 1908 are given in Table 9. 
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TABLE 9.—Yields of corn in 1906, oats in 1907, and wheat in 1908 after various 
rotations at the Indiana station. 


Plot No. Previous crop. Corn, Oats. Wheat. 

I, 66 Wheat. clower oe? Ss pyciih, tne casera ieee 5,000 . 950 1,515 

9-°36;60, 68 Wheat: contintionsly.. ear a ee ee 3,938 568 1,008 
17 aTO Beans continuously with rye turned 

WINGer GAC Year th tre wuss stake een 5,055 825 925 

Br 24 Cormcontinuwously-. i. feeos a. Bee 3,040 990 1,665 

22525 Orchard: grass continuously <<... x-4%:2- 22 5,900 I,160 2,095 

3245 72 Glover ‘continuously os fe. 6 se ntn ootans Bre 4,320 755 I,610 

BOS 1 Pallow/continuously.ce. Seiko: 1. ere 5,080 950 1,680 


The imperfection of the record, especially for the continuous clover 
plots, makes an interpretation of the figures of doubtful value, but 
in general the fact seems to stand out that the wheat-cover rotation 
has maintained the fertility of the land better than continuous wheat 
culture and perhaps a little better than continuous bean culture with 
rye as a green manure. If there was clover every year on plots 34 
and 72 it would seem as if orchard grass was better than clover, but 
the lack of records makes it impossible to draw conclusions in regard 


to this. 
MINNESOTA, 


At this station four series of rotations were established in 1894. 
These are outlined in Bulletin 40 (1895), referred to in the annual 
reports for 1895 and 1896, and are more fully discussed in Bulletin 
109 (1908). The review below refers to the latter bulletin. The 
plots in Series I cover 5-year rotations. in which corn, wheat, oats 
follow in this order with two years of grass or clover between the 
wheat and oats. The rotations differ only in respect to the meadow 
crop used. Plots 1, 6, and 11 had clover and timothy ; plot 2, brome 
grass; plot 3, timothy; and plot 4, clover. All plots received 8 tons 
of manure to the acre on the corn. The rotation for plot 4 is given 
on page 303 as a 4-year one, and on page 309 as a 5-year one. It 
is understood that the rotation was a 4-year one. 

In Series III wheat is the indicator, being grown continuously in 
plot 2, and continuously with 6 pounds of red clover seed sown per 
acre as a catch crop in plot 3; on plots 4 and 5 wheat was rotated 
with clover, the second crop of clover being plowed under on plot 4 
and removed from plot 5. No manure was used on any plot of 
Series IIJ. The other plots of this series and Series I] and IV are 
of no value for our present study. Unfortunately the value of the 
results from Series I is practically destroyed because the proposed 
sequence of crops was not adhered to. The average yield of wheat 
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was higher from plot 4 (clover) than from any other plot in this 
series, exceeding that from the next highest plot (timothy and clover ) 
by.3.4 bushels, while the yields from the brome grass and from the 
timothy plots were between 4 and 5 bushels lower than those from 
the clover plot. It must be noted, however, that because the pro- 
posed course of rotations was not adhered to, one year of wheat 
preceded meadow and that following this one year of meadow there 
were seven grain years, three of which were wheat. It would seem, 
therefore, that the better yield from plot 4 must represent a better 
soil condition, or be due to some other cause than the roots and 
stubble of the one year of clover meadow. Plot 3, in which timothy 
only was used as a meadow crop, yielded nearly as much wheat as 
the average of plots 1, 6, and 11 (timothy and clover). ‘This plot 
also yielded 4.3 bushels of oats and 7.7 bushels of corn more than 
the timothy and clover plots. 

In Series III, plots 2 and 3 had wheat every year, but on plot 3 
clover was sown with the wheat and turned under as a catch crop. 
The average annual yield from plot 3 exceeded that from plot 2 by 
nearly 3 bushels. In a letter dated January 12, 1916, Professor Boss 
informs the writer that the Minnesota station is still carrying on 
these two continuous wheat plots and that the addition of 6 pounds 
of red clover seed to the wheat “has given us an increased yield of 
wheat of about 2.6 bushels per acre over the entire period.” Plots 
4 and 5 were treated alike save that on plot 4 the second crop of 
clover was plowed under and this was removed from plot 5. In 
spite of this greater amount of green matter turned under the average 
annual yield of wheat was 2.3 bushels less on plot 4. It would be 
expected that the greater amount of green matter turned under on 
plot 4 would have resulted in increased yields. No explanation is 
forthcoming for the condition recorded. 

A large part of this bulletin is devoted to showing that clover in 
_a rotation tends to maintain the nitrogen content of the soil. While 
the record is not as harmonious as could be wished the evidence for 
the above mentioned view seems sufficient. The nitrogen content as 


: _ well as the average annual yields for plots 2 and 3 of Series III are 


as follows: 


Nitrogen present. 


‘ . Yield, bu. 1895 1905. 
Plot 2, wheat continuously, no clover..... 18.57 0.220 0.201 
Plot 3, wheat, clover catch crop ......... 21.8 0.223 0.253 


Here not only has plot 3 produced more every year but the nitrogen 
content has gradually increased while that of plot 2 has decreased. 
Another series of rotations is recorded in Bulletin 89, but it is not 
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possible here to separate the influence of the manure added from that 
of the clover. The rotation plots outyielded those continuously in 
wheat but this would probably have been the case had there been 
no clover in the rotation. Other bulletins, as Nos. 53 and 128, treat 
of the gain and loss of nitrogen and humus under various conditions. 


NEW YORK (CORNELL). 


A comparison of the yield of corn and of oats for one year on 
land that had been in alfalfa for six years with that on a contiguous 
plot previously in timothy for six years is made in Bulletin 339. On 
the alfalfa sod corn in 1912 yielded 62 bushels per acre; on the 
timothy sod, 47 bushels. In 1913 oats were planted, the yield being 
26 bushels on the alfalfa land and 27 bushels on the timothy. The 
growth of corn is said to have been notably greater on the alfalfa 


than on the timothy sod. 
OHIO. 


With the exception of an observation on sweet clover (Bul. 42) 
and wire-basket experiments described in Bulletin 168, no green 
manure work has been reported from this station. There is, how- 
ever, a great mass of literature on rotations and the effect of fertilizers 
and from the data presented certain conclusions may be drawn. It 
must be insisted, however, that the evidence on this point is all in- 
direct, the rotations being such that direct comparisons are not 
possible. : 

Wheat grown on sweet clover sod in 1891 yielded 26.9 bushels per 
acre while on adjoining land that had been in corn, oats, or wheat 
during the preceding four years, the yield was 18.6 bushels (Bul. 42). 

The value of having vegetable matter in the soil is brought out in 
Bulletin 49, where the results from adding phosphates were much 
better on land rich in organic matter than on that poor in organic 
matter. 

Various rotations covering five or three years have been carried on 
at the Wooster station and also at some of the substations, and com- 
parisons made with continuous culture. Wheat on both fertilized 
and unfertilized plots averaged 5.6 bushels per acre better in three 
years on the rotation plots than on the continuous culture plots (Bul. 
53). Corn yields on fertilized plots in continuous culture declined 
30 percent in 20 years, while on the fertilized plots in the rotation 
series the gain in yield was 23 percent (Bul. 282). A 3-year rota- 
tion of corn-wheat-clover produced better results than a 5-year one of 
corn-oats-wheat-clover-timothy (Circ. 120). Wheat, oats, and corn 
were all grown in continuous culture for 20 years and in 3-year and 
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5-year rotations for 17 and 20 years respectively, in which the corn 

followed clover. All three crops yielded best in the rotation series, 

corn and wheat giving largest yields in the 3-year rotation, the yield 

of corn being more than twice as large from the 3-year rotation as 
in continuous culture (Cire. 144). Tobacco grown on clover sod in a 
3-year rotation of wheat-clover-tobacco yielded more than 50 percent 
more than on unfertilized land continuously cropped to tobacco 
(Bul. 285). It is not possible, however, in any of the above work 
to separate the benefit, if any, from legumes from that which would 
accrue merely from the practice of a rotation. 

That clover sod may furnish the nitrogen needed for at least the 
next succeeding crop is shown in Bulletin 182 and in Circulars 40 and 
79. In a rotation of potatoes-wheat-clover, some plots received 
potash and phosphoric acid but no nitrogen while others received 
varying amounts of nitrogen in addition to potash and phosphoric 
acid. All plots were on clover sod, and the largest yields were on the 
plots not receiving nitrogen. In one series (Circ. 40) the yields of 
wheat following the potatoes were also fully as good on the plots 
with no extra nitrogen as on those with extra nitrogen. In other 
cases (Circ. 79) the nitrogen left by the clover appears to have been 
insufficient for both potato and wheat crops. Soybeans are said to 
have increased the yield of wheat (Bul. 275, p. 310). 

In the wire-basket experiment (Bul. 168), 5 percent of chopped 
clover was added to the soil, either alone or with lime. Three suc- 
cessive crops of wheat were grown and the rate of transpiration 
recorded. The green weights were obtained for the first two crops. 
The first crop was planted 10 days after the clover was added to 
the soil and both the transpiration rate and the green weights were 
depressed by the addition of the green manure. A second crop was 
then grown on the same soil without disturbing it and this showed 
decided benefit from the green manure, this benefit amounting to 
about 30 percent. In another wire-basket experiment a similar result 
was obtained. The first crop was depressed as a result of adding 
the green manure while the second crop was benefited. 


WISCONSIN. 


Potatoes were found to yield more on plots on which a heavy 
stand of red clover had been turned under than on plots receiving 
barnyard manure or commercial fertilizers (Bul. 147). The yields 
of marketable potatoes in bushels per acre were as follows: Barnyard 
manure, 183.5 bushels; commercial fertilizer, 183 bushels; no fertil- 
izer, 168 bushels; and clover turned under, 234.5 bushels. 
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SUMMARY. 


Wheat and corn have been the chief indicator crops in the north- 
eastern division, with oats and potatoes occupying subordinate posi- 
tions. With a few exceptions red clover has been used as the legume 
crop for green manure and for rotation. In Illinois, cowpeas have 
been used occasionally and there are a few records of trials on alfalfa 
and on timothy sod. 

In most of the Canadian experiments red clover has been used as 
an annual green manure catch crop, being seeded with wheat and 
turned under for the next year’s wheat. As such, as well as in all 
the other experiments, red clover proved beneficial to the succeeding 
crop. In the Canadian experiments, red clover was also shown to 
have a marked residual value. Even when used as an annual catch 
crop the effect of turning under clover was frequently noticeable for 
three successive crops. 

At the State stations in this section, there have been few real 
green manure tests. Minnesota found that a catch crop of clover in 
wheat was a benefit. Illinois found no benefit from a cowpea catch 
crop in corn, and in some cases none when cowpeas were grown as 
a regular summer green manure crop. Most of the work with red 
clover has been in rotation experiments, and it is difficult to interpret 
the results with any great degree of clearness. Rotations having 
clover as one member yielded better than similar rotations without 
clover, or than continuous cropping, but a part of this result was 
doubtless due to the better suppression of pests. Even making some 
allowance for this, however, clover may safely be credited with a 
beneficial effect upon the yield of corn and wheat in rotation. 

That clover and cowpeas were able to furnish the nitrogen for a 
succeeding crop was shown by both Ohio and Illinois in both pot 
and field experiments, but the marked residual value of the clover 
found in Canada was not evident in Ohio. 

The value of much of the State work in this section for determin- 
ing the value of clover is seriously impaired by reason of changed 
plans or complications in the rotations that make it unsafe to draw 
positive conclusions. 

As a whole it can be said that the results obtained at the State 
stations in the Ohio and Mississippi valleys have been less striking 
than those reported from Canada and have often been negative or 
the evidence has been of doubtful value. 


(To be concluded in the April issue.) 
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THE EFFECT OF DIFFERENT METHODS OF INOCULATION 
ON THE YIELD AND PROTEIN CONTENT OF ALFALFA 
AND SWEET CLOVER—2.' 


A. C. ARNy AND R. W. THATCHER.? 


In a previous article,* we reported the results of the first year’s 
work (on the crop of 1914) on a study of the effect of different 
methods of inoculation at seeding time upon the yield and composi- 
tion of alfalfa and sweet clover grown in subsequent years on the 
treated and adjacent untreated check plots. We have now completed 
a second year’s work, on the crop of 1915. The results of the two 
seasons’ work are, in the main, so concordant and the conclusions to 
be drawn so plain that we desire to present now the second set of 
data, together with our conclusions concerning the problems which 
have been under investigation. 


EFFect oF DIFFERENT METHODS OF INOCULATION ON THE YIELD AND COMPOSITION 
OF ALFALFA. } 


First Series, Fields E and F; Commercial Culture versus Inocula- 
tion with Soil, with and without Liming.—Full descriptions of the 
soil conditions, size of plots, methods of seeding, and methods of 
inoculation used in the series were given in our first paper and need 
not be repeated here. The only variation from the method of pro- 
cedure described in that paper was that in 1915 the samples for 
determination of dry matter and nitrogen content were taken from 
the green material as it was cut in the field instead of from the air- 
dried hay. The weights from which the yields of dry matter per 
acre are calculated were, therefore, the weights of green material 
as cut instead of those of cured hay. 

The plots of Field E were ‘seeded during the spring and summer 

1 Contribution from the Minnesota Agricultural Experiment Station. Pre- 
sented by the junior author at the ninth annual meeting of the American Society 
of Agronomy, Washington, D. C., November 14, 1916. 

2 The thanks of the authors are due to Messrs. R. A. Thuma and Shinjiro 
Sato for most of the analytical work from which the data presented in this 
paper were prepared. 

8 Arny, A.C.,and Thatcher, R.W. The effect of different methods of inocu- 


lation on the yield and protein content of alfalfa and sweet clover. Jour. 
Amer. Soc. AGRON., 7: 172-185. IQIS. 
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of 1912. The crop of 1915, therefore, represents the fourth season’s 
growth, or third harvested crop from these plots. The three cuttings 
of this crop were made on June 24, July 22, and September 25, 
respectively. The plots in Field F were seeded in the spring of 1913 
and the crop here dealt with is the third season’s growth, or second 
crop from these plots, the three cuttings being bie on. June .22, 
July 29-30, and September 20. 

The total yields of dry matter per acre, the average protein content 
in the dry matter from each of the three cuttings, and the total yield 
of protein per acre from each of the three plots which received the 
same treatment at seeding time and the average of these yields for 
each kind of treatment are shown in Table 1. 


TABLE 1.—Effect of different methods of inoculation at seeding time (1912 and 
1913) on yield and protein content of alfalfa grown in I9I5. 


(Field E, Series I, Plots 11-16; Field F, Series III, Plots 18-62.) 


Dry Average ee 
Kind of inoculation. Plot No. || matter protein in rotein 
per acre. dry matter. per acre. 


—— 


Pounds. | Percent. | Pounds. 


1 (01) c Lene me Sa mastariaren Coes fat nly Oil SOME AAR ORCC elie pd II 9,632 22.34 25152 
18 8.487 22.42 I,905 
52 8,529 20.93 1,785 
Average 8,883 21.93 1,947 
Commercial culture applied toseed........ I2 9,343 22.90 2,140 
24 8,656 22:59 1,949 
58 8,487 21.95 1,863 
Average 8,829 22.46 1,984 
Commercial culture applied to soil.......... fs 9,110 23.38 2,130 
25 8,561 23.68 2,027 
59 8,175 22.22 1,816 
Average 8,614 23.70 1,991 
Soil'from alfalta elds Mic Dake Se ae craks 14 9,426 22.55 2,085 
26 8,226 2271 1,868 
60 8,205 21.38 1,738 
Average 8,620 22.01 1,897 
Soil from alfalfa field +2 tons limestone per 
2 1 =p A on Ee RE ae eT Cet t= Bis Sa I5 9,908 22.16 2,197 
an 8,218 23.45 1,928 
61 8,272 22.61 1,870 
Average 8,799 22.74 1,998 
None, +2 tons limestone peracre.......:. 16 9,402 20.85 1,964 
28 8,028 eee 1,775 
62 8,631 2T.i2 1,823 
Average 8,687 21.33 1,854 


The results of the preceding year* showed that on the plots in 
Field E, on a well-manured soil, there was no uniform effect of 
inoculation, either with or without liming, upon the yield or protein 
content of the crop in the third year after seeding. In Field F, how- 


4 Loc. cit., Tables 1, 2, and 6. 
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ever, on a soil of only medium productivity, in the second year after 
seeding there was a very considerable increase in the yield of dry 
matter and a significant increase in the percentage of protein (the 
combination of these two factors resulting in an increased yield of 
protein per acre) on those plots which had been inoculated with soil 
from an old alfalfa field and limed. Both the inoculation alone and 
the liming alone produced significant increases in growth, while the 
combination of inoculation and liming produced the largest yields 
of all. This year’s results, on the other hand, do not show any in- 
creased yields of either dry matter or protein on the inoculated plots 
in either of the fields. The variations between plots are not greater 
than would be expected in duplicate plots in the same field which 
receive the same treatment. 

There are three possible explanations for-the coming of these 
plots to a uniform yielding capacity in the third year after seeding. 
First, the inoculation may have spread from the plots which were 
inoculated at seeding time to the untreated check plots in the same 
series. Second, the heavier draft of the rank-growing inoculated 
crop upon the plant food in the soil> may have reduced the productive 
capacity of the soil on the inoculated plots to a par with that of the 
uninoculated plots. And third, the plants on the uninoculated plots 
may have become so thoroughly well rooted and established by the 
third season that they are able, without the aid of the bacteria, to 
make as luxuriant a growth as are those on the inoculated plots. 

A comparison of the data presented in Table 1 with the same data 
for the crop of 1914 from these same plots indicates very clearly 
that the first of these explanations is the correct one. The yields of 
dry matter from all the plots in 1915 were uniformly high, which 
contradicts the idea that the yields on the inoculated plots have come 
down to the basis of lack of inoculation. Furthermore, it is clear 
that the percentage of nitrogen (protein) in the crop from the unin- 
oculated plots has increased up to the average of that for the in- 
oculated plots, which in itself is a good indication that the plants on 
the plots which were not inoculated at seeding time are now as well 
supplied with the nitrogen-fixing bacteria as are those on the inoculated 
plots. 

A search of the literature dealing with alfalfa inoculation experi- 
ments has failed to give any other evidence bearing upon this problem. 
Hutton® reports yields of alfalfa in 1910 at the Lacombe Farm, on 

Peace, Lable 11. ' 


6 Hutton, G. H. Comparing inoculated soil with culture as a means of inocu- 
lating for alfalfa. Canada Expt. Farm Rpt. 1o911, p. 496. 
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plots seeded in the spring of 1909 with different methods of inocula- 
tion, but no yields in subsequent years, on these same plots, have been 
reported. Other experimenters report “success” or “ improvement ” 
in obtaining a stand of alfalfa during the first season after the ex- 
perimental inoculation. 

Second Series, Quinn Farm, Inoculation of Alfalfa by Transfer 
of Soil from Sweet Clover and Alfalfa Fields—These plots were 
seeded in April, 1913, on soil which had never grown alfalfa, nor 
had this crop ever been grown within half a mile of the field. The 
crop of 1914 showed a very large gain in yield of dry matter per 
acre’ and in percentage of protein in the dry matter* from. those plots 
which had been inoculated at seeding time, soil from an alfalfa field 
and from a sweet clover field being equally efficient in producing both 
these results. 

The yields of dry matter and protein content of the crops from 
these same plots in 1915, from the three cuttings made on June 16- 
17, August 7, and September 24, respectively, are shown in Table 2. 


TaBLe 2.—Effect of inoculation of alfalfa when sown in 1914 with soil from 
sweet clover field and from alfalfa field on the yield and protein content of the 
crop in IQT5. 

(Quinn Farm.) 


8 ilndlof inocaladi. Dry matecr per |; Peotsie Aacdcri aes 

Pounds. Percent. | Pounds. 
SIE ee eos et ee ae eee 
Se Ohits elie setae eee i Ee 
BAS TENOR AS Ho. aes, BL Oe LL ee ames eae 3,302 19.45 1,320 


The results presented in Table 2 clearly show that the effect of 
inoculation at seeding time (in 1913) is much less in the crop of 
1915 than in that of 1914. There is, however, a significant increase 
in yield of dry matter and in the percentage of protein in the dry 
matter on the inoculated plots, as compared with the adjacent unin- 
oculated ones, even in this third year after seeding. It appears from 
these results, as well as from those of the preceding year on plots 
which had been inoculated two and three years previously, that the 
effect of inoculation at seeding time upon the chemical composition 
of the resultant crops is very marked in the first crop (second season’s 
growth), comparatively slight but still noticeable in the second crop 


7 Arny, A. C., and Thatcher, R. W. Loc. cit., p. 177, Table.3. 
8 Loc. ctt., p. 178, Table 4. 
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(third season’s growth) and disappears entirely in subsequent crops. 
This is undoubtedly due to the spread of the inoculating bacteria from 
the inoculated plots to adjacent uninoculated ones. It appears that, 
under the conditions at University Farm, this takes place to a very 
considerable extent during the second season’s growth and that by 
the close of the third season the uninoculated plots in any given series 
are sufficiently supplied with bacteria so that subsequent crops are 
uniform in yield and protein content, at least so far as inoculation 
is concerned. There seems to be no need, therefore, to carry any 
studies of the effect of inoculation beyond the second season’s growth, 
under our conditions. On the other hand, if further studies of this 
kind are projected, they must provide for comparison plots located 
at such distances apart that there can be no possibility of transfer of 
inoculation from one plot to another. 

The difference in yield in 1915 between the plots inoculated with 
alfaifa soil and with sweet clover soil is probably due to other causes 
than the difference in character of the inoculating material, as results 
in other fields clearly contradict the assumption that inoculation with 
alfalfa bacteria is more effective than that with sweet clover bacteria. 


Errect oF INOCULATION ON YiELD AND CoMPosITION oF Tors AND Roots oF 
SweEeET CLOVER AND ALFALFA. 

The results of the first year’s study of this problem gave some 
very conclusive evidence concerning the effect of inoculation upon 
the total yield of dry matter per plant and upon the ratio of tops to 
roots in both alfalfa and sweet clover plants, but left some uncer- 
tainty as to the effect of the inoculation upon the chemical composi- 
tion of the different parts of the plants, especially with regard to 
certain of the mineral constituents in the roots. It was thought that 
this might be due in part to the difficulty which was experienced in 
getting the fine fibrous reots wholly free from soil particles, and in 
part to the fact that the small amount of material which was avail- 
able did not permit as large a number of analytical determinations 
as was desired. On this account, we decided to repeat the experi- 
ments. The desired inoculated and uninoculated check material was 
_ available and, with the experience of the preceding year as a guide, 
much more satisfactory sampling of the plant growths was obtained. 
_ This year’s results present very convincing: evidence on all the points 

in question and the data are presented with the conclusions which 
we have drawn from them. 
_ The method of measuring the sample square-yard areas and of 
| securing the entire growth of tops and roots was essentially the same 
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as that described in our former paper.® With added experience, 
however, it was found possible to collect more completely the fibrous 
root growth of the plants and to free this almost entirely from soil 
particles, so that the samples as received at the laboratory were very 
good representatives of the crops as they grew in the field. 

In the field from which the sample square yards of sweet clover 
were taken, there were available plots which had been inoculated at 
seeding time, other plots which had been both inoculated and limed, 
and untreated check plots. Accordingly, three typical square yards 
in each of these three kinds of material were harvested, weighed, and 
analyzed. ‘The number of plants and the total yield of tops and 
roots (both green weight and dry matter) for each of these nine 
square-yard tracts and the average total yield of dry matter per 
square yard for each of the three treatments are shown in Table 3. 


TABLE 3.—Effect of inoculation on growth of tops and roots of sweet clover 
and of alfalfa, as shown by the green and dry weights per square yard and the 
dry matter per plant (all weights in grams). 


SWEET CLOVER. 


Green weight. ' Total dry Dry matter per plant. 
Sq-] No. of matter. 
Treatment. Vid) plants. : 


A 
Tops. | Roots.! Tops. | Roots.) Tops. | Roots.} Total. orn 


Inoculated and limed.| 1 70 | 2,062.5 |336.4 |534.5 | 88.0 |7.636 |1.257 |8.893 
2 | 82 | 1,922.5 |201.5 450.5 | 70.3 |5.507 |0.857 10-424) 7 0,700 
3 | 108 | 2,003.5 |271.0 |484.5 | 63.2 |4.486 |0.585 |5.071 
Inoculated only...... 4 | 70 | 1,216.7 |228.1 |301.7 | 60.1 |4.310 |0.859 |5.169 
5 57 | 1,204.0 |194.5 |273.0| 45.1 |4.790 |0.791 |5.581 5.825 
6 | 72 | 1,828.0 |267.5 |416.0| 68.1 |5.778 |0.946 |6.724 
IMOME Fs Rist ala eae a 7 80 585.0 |134.7 |148.0| 36.0 |1,850 |0.450 |2.300 
8 80 406.3 |103.8| 97.3) 26.4 |I.216 |0.330 |1.546 1.799 
Copy ie) AI7.5 | 95.01100.5 | 22.0 |1.272 |0.279 |I.551 


ALFALFA. 


inoculated cc. 4. Jee 4 | 139 | 1,384 | 363 |347.4|107.0 |2.500 |0.769 |3.269 
5 | 288 | 1,789 | 667 |469.4 |193.7 |1.629 |0.673 |2.302 | 7 2.789 
6 | 1690 | 1,435°'| 46011348... | 124/15 |2.060)|6.735 12-965 
Not inoculated... . .. Tage 317 | 188 | 86.9} 60.0 |0.548 |0.382 |0.930 

a4 Oe: 213 | 124 | 57.8| 40.1 |0.285 |0.197 |0.482 | + 0.786 
3. | SEAO 28I | 147 | 80.3| 52.1 |0.574 |0.372 |0.946 


These data show the same general effects from the inoculation as 
were found in the first year. The yields of dry matter per plant and 


per plot were greater on the inoculated and limed plot than on the — 


plot which was inoculated but not limed, and on each of these the 
yields were more than three times as great as on the uninoculated 


® Loc. cit., p. 180-182. 
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plot. This shows a very remarkable increase in growth in the first 
crop (second season’s growth) as a result of the treatment at seeding 
time, 

Table 3 also gives data concerning the yields from the three square 
yards each of inoculated and uninoculated alfalfa. Here again the 
effect of the inoculation at seeding time upon the amount of crop 
produced the following season is very marked, the average yield of 
dry matter from the three inoculated square yards being almost four 
times as great as that from the uninoculated plots. 

As would be expected, the yield of dry matter per plant on the 
different square-yard plots varies inversely with the number of 
plants on each particular plot. There seems to be no exact correla- 
tion between the yield of dry matter per plant or per plot and the 
number of plants on each particular plot. In general, it appears 
that on the inoculated plots the thicker stand (1. e., larger number 
of plants per square yard) gave heavier yields of total dry matter, 
while on the uninoculated plots the thinner -stands usually produced 
the greatér growths of dry matter. There are several exceptions to 
this general rule, however, in the results of both seasons. 

The same effect of inoculation in increasing the proportion of tops 
to roots in both sweet clover and alfalfa that was noticed in the 
former work appeared in the data shown in Table 3. The ratios of 
dry matter in the tops to that in the roots is presented in Table 4. 


TABLE 4.—Effect of inoculation on ratio of tops to roots in sweet clover and 


‘ alfalfa. 
Ratio of dry matter in tops to roots. 
Crop. Treatment. | Square yard No. 
; Average. 
I 2 3 

Sweet clover. ...|Inoculated and limed.....| 6.07:1 6.49:1 OF ot 6.7431 
Inoculated only ......... KO 6.05:1 GiLT st 507 338 

Sis eres OL SSR 2 eee a7 ago a 3.68 :1 Oy fees 4.09:1 

Preah Poe PNGCUIATERS Ce. ee 2.LOeT PIE AG eI 2.80:1 2.79:1 
Woe moculated.. <5... «| EAGT 1.44:1_ P.54c1 1.48 :1 


The data in Table 4 confirm those of the preceding year. In every 
individual case, of the total of 27 square yards which were investi- 
gated in the two seasons, the ratio of tops to roots was significantly 
greater in the plants from the inoculated plots than in those from 
plots which had not been inoculated. The same general effect is to 
be observed in the data presented by Fred and Graul in their recent 
paper’? on the effect of soluble nitrogenous salts on nodule forma- 


10 Fred, E. B., and Graul, E. J. The effect of soluble nitrogenous salts on 
nodule formation. Jour. AMER. Soc. AGRON., 8: 316-328. I916. 


134 JOURNAL OF THE AMERICAN SOCIETY OF AGRONOMY. 


tion. In nearly every case reported by them the ratio of dry matter 
in tops to that in roots is greater in the pot where inoculation was 
successful (as indicated by the formation of numerous nodules) than 
in the uninoculated pot which recetved otherwise the same treatment, 
this being true of both the alfalfa and the vetch crops. Their pot 
tests show occasional exceptions to the general tule, whereas our 
square-yard field tests exhibit no exceptions. The ratios vary with 
different square yards, as might be expected, but in no single case is 
the ratio of tops to roots as high in the uninoculated material as in 
that which received inoculation. 

The obvious conclusion from these results is that the effect of 
inoculation in increasing the yield of harvestable forage is due not 
only to an increase in the total dry matter per plant (as shown in 
Tables 4 and 5), but also to the deposition of a larger proportion of 
the material elaborated by each plant in the above-ground portion 
of it. . 

The carefully prepared samples from these square-yard plots 
afforded excellent material for a continuation of the study of the effect 
of inoculation upon the quantity of plant-food constituents removed 
from the soil by these crops, which was begun last year. The samples 
were prepared and analyzed in the same way as described in the 
former paper, with the single exception that the percentage of calcium 
in the composite sample from each plot was determined, in addition 
to those previously reported. . Fhe results of the analyses are showh 
in-T able: 5. | 

These data clearly show the following effects of the moculation 
upon the percentages of plant food constituents in the crop: 

1. The percentage of ash in the dry matter is decreased in the 
tops and not affected or very slightly increased in the roots. 

2. The percentage of nitrogen is increased in both the tops and the 
roots. 

3. The percentage of phosphorus is lower in both the tops and the 
roots of the inoculated sweet clover, but in the aHalfa there is no 
significant effect of the inoculation, the percentage of P,O,; being 
slightly lower in the tops and slightly higher in the roots of the 
inoculated plants. 

4. The percentage of potassitm is higher in both the tops and the 
roots of the inoculated sweet clover, and lower in both the tops and 
the roots of the inoculated alfalfa. 

5. The percentage of lime in the dry matter does not appear to be 
significantly affected by inoculation. In the sweet clover samples, the 
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lime content of the inoculated and uninoculated plants is practically 
identical, while the plants from the plots which were limed at seed- 
ing time contain a lower percentage of calcium oxide than those from 
the unlimed plots. In the alfalfa samples, the percentage of lime is 
lower in the tops and higher in the roots of the uninoculated plants. 


TABLE 5.—Effect of inoculation on plant-food constituents in tops and roots of 
sweet clover and alfalfa. 


SWEET CLOVER. 


Plant-food constituents (calculated as percentages of the 
dry matter.) 


Treatment, ve. Tops. Roots. 
No. eee 
Ash, amg P20s., K20.| CaO,| Ash. oie P205.| K20.| CaO. 
Inoculated and limed...... I |6.81 | 2.48 4.54 | 2.03 
2 16.82 | 2.54 7 |0.82 |2.49 |0.45 |5.39 | 2.10 ¢ |0.93 |1.89 |0.07 
peal ak alee. A 7, 5.15 | 1.908 
: =huoculated only.......... 4 |6.21 | 2.30 5-58 | 1.96 
5 16.907 | 2.33 7 |0.69 |2.53 |0.58 |5.43 | 2.18 } |0.9O1 |1.80 /0.10 
6 |6.41 | 2.24 4.95 | 1.89 
1 ag OE EE eter) 1.3 F 4.62 | 0.89 
8 |7.77| 1-44 ¢ |I.12 |1.78 |0.60 |4.93 | 0.95 7 |1.02 |1.68 |0.10 
sagan 9 17-49 | 1.35 4.83 | 0.82 
ALFALFA. 
| 
UE es ae A\'8.33.|'2.59 3.98 11.04 | .| 
5 | 7-74] 2.36 ¢ |.77 |I.12 |1.69 |4.58 | 2.20 TO2 Osi. iG 
6} Sig2 (2.74 | 4.45 | 2.20 
Not inoculated........... I | 9.65| 1.56 4.09| .73 
| 2 |10.52| 1.59 ¢ |.89 |1.74 |2.17 |4.74] -75 FO GS tcl 
SeMOshG | shay 3.50] .65 


The percentages of these plant-food constituents in the dry matter 
are, of course, more or less dependent upon the stimulating effect of 
the inoculation upon the growth of the plants. For example, an 

increased production of protein in the plant results in a diminished 
percentage of all these plant-food constituents except nitrogen, while 
a stimulation of carbohydrate production would decrease the per- 
centage of all plant-food elements in the dry matter. For this reason, 
a better basis of study of the resultant effect of inoculation upon the 
ability of the plant to draw upon these plant food elements in the soil 
is the total amount of these elements found in the dry matter from 
& each identical area. These computations have therefore been made, 
and the resulting data are presented in Table 6. 
_ These data clearly show that inoculation, resulting in increased 
__ growth, gives to the crop a very largely increased power to draw upon 
: the plant-food constituents of the soil. The effect does not seem to 
Fs 
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be simply the result of increased growth processes, since it is not 
uniform for the several mineral elements, but is generally greater 
in the case of potassium than of the other elements which were de- 
termined in these analyses. The figures for total ash in the dry 
matter in both seasons indicate that the inoculated plants are able to 
elaborate a greater amount of organic material from a given amount 
of mineral constituents than are the uninoculated ones. There seems, 
therefore, to be some physiological effect upon the growth of the 
plants, due to the presence of nodule-forming bacteria on their roots, 
other than a simple increase in nitrogen supply to the growing plants. 


TABLE 6.—Effect of inoculation upon quantity of plant food constituents in 
crops of sweet clover and alfalfa. 


(Average of three square yard plots in each case.) 


Plant-food constituents present in crop. 


Gropandttenemene Pare of plants: Grams per square yard. Pounds per acre. 
jee P205. | K20. | CaO. ipl P2035. | K,0. C20. 
Sweet clover: 
Inoculated and limed..|} Tops E2.9E 14103 | U2 254) eam 
Roots 1.50| 0.68 | 1.39| 0.05 
Whole plant|/13.71 | 4.71 |13.64| 2.26 | 153 | 52 152 25 
Inoculated only. ...... Tops 7:54 | 2.28) 8:35). 1.08 
Roots T.22)|-0.53..| .L-04120:06 
Whole plant] 8.66] 2.81 | 9.39) 1.97 0671 "35 105 | 22 
ING echt ok eee en Tops F.56| 1.29.) -25050/<o166 
Roots 0:25 |-0.20) |. 10:475) 0.03 
Whole plant] 1.81] 1.58 | 2.52| 0.72 20''|) £8 29 8 
Alfalfa: 
Inoculated scare exe Tops 0.87)|, 2:00 + 4-35 |- 7-16 
Roots 3.00)| 116..)°0.02"| 0.27 
Whole plant|12.93 | 4.15 | 5.27| 7.43 | 134 | 46 59 | 83 
Not inoculated....... Tops T.12)-0:66.). 1230) F:62 
Roots 0.35 | 0.36 | 0.45 | 0.07 
Whole plant} 1.47 | 1.02 | 1.75 | 1.69 16 Ti 320. ore 


SUMMARY AND CONCLUSIONS. 


Studies have been carried on in two successive seasons (1914 and 
1915) of the effect of inoculation by various methods at seeding 
time upon the yield and composition of the crops grown in the 
second, third, and fourth seasons thereafter, on three different fields 
of the University Farm, St. Paul, Minn. 

In this and in the preceding paper of the same title, data are pre- 
sented which show (a) the yield and protein content of the three 
successive cuttings in each of the two years from fourteen inoculated 
plots and nine adjacent uninoculated check plots of alfalfa; (b) the 
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yield and protein content of one year’s crop from two inoculated and 
three uninoculated sweet clover plots; and (c) two successive Seasons’ 
analyses of the tops and roots from 3 square yards each of inoculated 
and uninoculated alfalfa and sweet clover. 

These data point clearly to the following conclusions with refer- 
ence to the effect of inoculation upon the yield and composition of 
these leguminous crops when grown on soils of the type represented 
by those on University Farm. 

1. Inoculation at seeding time produces a very large increase in 
yield of dry matter per acre and in the percentage of protein in the 
dry matter in the second season thereafter (first harvestable crop), 
as compared with the yield and composition of the crop from ad- 
jacent uninoculated plots. In the next season’s growth (second 
harvestable crop), the differences are much less noticeable and they 
practically disappear in the following year, by reason of the rapid 
spread of the inoculating bacteria to the uninoculated plots. 

2. Inoculation of either alfalfa or sweet clover with soil from 
fields on which either alfalfa or sweet clover has been growing suc- 
cessfully is equally efficient in producing these effects. 

3. Inoculation with soil is generally more efficient in these respects 
than inoculation with the commercial cultures which were used in our 
experiments. 

4. Liming the soil at seeding time (2 tons ground limestone per 
acre) slightly intensifies the above-mentioned effects of inoculation. 

5. One effect of inoculation is to give to the inoculated plants an 
increased capacity to utilize mineral soil nutrients, the increased 
growth resulting in the removal from the soil of very much larger 
amounts of potassium, phosphorus, and calcium. 

6. A second effect of inoculation is to make it possible for the 
inoculated plants to elaborate a somewhat larger amount of dry 
matter from a given amount of mineral plant food elements. 


MINNESOTA AGRICULTURAL EXPERIMENT STATION, 
UNIversity Farm, St. Paut, MINN. 
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A NEW METHOD FOR HARVESTING SMALL GRAIN AND 
GRASS PLOTS. 


A. G. McCatt. 


In varietal testing and in soil fertility plot work one of the most 
serious difficulties encountered is that of obtaining accurate yields of 
the several plots included in the test. While the harvesting and weigh- 
ing of the entire product of the plot should, theoretically, be most 
satisfactory, this method is attended by certain difficulties that make 
it practically impossible to get accurate results. The lodging of the 
grain, the depredations of birds and mice, and losses incident to weath- 
ering are some of the more serious difficulties met when the entire plot 
is harvested. When plot work is being conducted in several sections 
of the State another difficulty is encountered, namely, the supplying 
of suitable machinery to thrash the grain from the small plots sepa- 
rately. 

These difficulties have been overcome to a certain extent by har- 
vesting a number of small areas from each plot and calculating from 
these the yield of the entire plot. The chief objections to this method 
are (1) the inconvenience encountered in laying off the small areas, 
and (2) the difficulty of obtaining representative areas. 

To overcome the first objection the writer has recently constructed, 
for the work at the Maryland Agricultural Experiment Station, a 
small apparatus to be used in harvesting accurate areas of grass, 
wheat, or other small grains. The essential details of this harvester 
are shown in figure 7. For the harvesting of grain that has been 
seeded in drills only the grain board (A) and the two spears (B, B’) 
are used, the method of procedure being as follows: With the spears 
withdrawn the grain board is placed in position parallel and close to 
the outside drill row of the plot and fastened in this position by 
means of two short spears (not shown in the drawing) which project 
into the soil from the lower edge of the board. The long spears, 
B, B’, are now thrust through the metal sleeves at C, C’ and into the 
plot, thus marking off two parallel lines at right angles to the drill 
rows. ‘The distance between these spears should be such that 4 or 5 
drill rows thus marked off will give an even fraction of an acre. 

For grass and for grains that are seeded broadcast the manipula- 
tion is essentially the same as for the drilled grain except that, since 
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there is no drill row, the fourth side of the area must be defined by the 
use of a third spear, which must be parallel to the grain board. ‘To 


Fic. 7. Frame for use in harvesting small blocks from grain and grass plots. 


accomplish this the two spears, B, B’, are securely clamped in position 
by means of the bar D, after which the sleeve F is clamped to the 
spear B’ near the tip and at a definite distance from the board A. 
The third spear, £, is now thrust through the sleeve F until it engages 
the sleeve G which is clamped to spear B directly opposite the sleeve 


Fic. 8. Diagram showing location of blocks (A) in grain or grass plots in 
order to obtain representative samples. 


F, thus marking off the fourth side of the small area that is to be har- 
vested. Having defined the boundaries it only remains to cut the 
grain or the grass included within the spears. 

By the aid of this apparatus it is possible to measure with great 
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accuracy an area of small dimensions even though the grain or grass 
is badly lodged and tangled. It is proposed to harvest 5 of these small 
areas of one five-thousandth of an acre each, or a total of one one- 
thousandth of an acre, from each large plot and to thrash the grain 
with a small thrashing outfit. The locations of these small areas are 
shown in figure 8. The small bundles of grain are taken to the barn 
the same day they are harvested, suspended on drying racks until 
thrashed, and weighed when properly cured. Plots in remote parts 
of the State will be harvested in a similar manner and the bundles 
of grain shipped to the central station in canvas bags. 

A preliminary trial of the apparatus on wheat and on timothy plots 
gave results that check up quite satisfactorily with the records ob- 
tained by harvesting and thrashing the entire plots. 

This brief account is presented with the hope that some members of 
the American Society of Agronomy will be sufficiently interested to 
construct a similar apparatus, use it during the next harvest period, 
and report their experience at the next meeting of the Society. 


MARYLAND AGRICULTURAL EXPERIMENT STATION, 
CoLLEGE PARK, MARYLAND. 
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AGRONOMIC AFFAIRS. 


MEMBERSHIP DUES. 


All those whose membership dues for 1916 in the American Society 
of Agronomy are not paid by March 31 will automatically lapse. 
The names of lapsed members will be printed in the May number of 
the JournaL. The few whose dues are still unpaid are urged to 
remit promptly in order that they may be reinstated before that time. 

By reason of the change in the by-laws of the Society effected at 
the last annual meeting, those whose dues for 1917 are not paid by 
April 1 will receive no more numbers of the JouRNAL until they remit. 
This provision was made in order to comply with the postal laws and 
also to safeguard those members whose dues are paid promptly. One 
who delays the payment of annual dues until several notices have 
been sent him entails unnecessary expense on the Society and causes the 
Treasurer needless work. One who does not pay at all should not, as 
has been the case in the past, receive the JourNAL for more than a 
year without cost. All members are urged to remit their dues for 
1917 to the Treasurer so that there will be no delay in the delivery 
of the JouURNAL to them. 


MEMBERSHIP CHANGES. 


The membership of the Society as reported in the January JouRNAL 
was 618. Since that time 31 new members have been added and 7 
members have resigned, a net gain of 24 and a present membership 
of 642. The names and addresses of the new members, the names 
of those who have resigned, and such changes of address as have 
come to the notice of the Secretary follow. 


New MeEMRBERS. 


Acre, Joun H., Bur. Soils, U. S. Dept. Agr., Washington, D. C. 

Bett, N. Eric, Agriculture & Industries Dept., Montgomery, Ala. 

BinrForp, E. E., Substation No. 1, Beeville, Tex. 

BRANDON, JosePH F., Bur. Plant Indus., U. S. Dept. Agr., Washington, D. C. 
Bryant, Roy, 111 West Street, Stillwater, Okla. 

CLemMMe_ER, H. J., Woodward Field Station, Woodward, Okla. 

Coz, H. S., Bur. Plant Indus., U. S. Dept. Agr., Washington, D. C. 
Conrey, G. W., Soils Building, University of Wisconsin, Madison, Wis. 
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Davisson, Bert S., Ohio Agr. Expt. Sta., Wooster, Ohio. 

Deeter, E. B., Bur. Soils, U. S. Dept. Agr., Washington, D. C. 
Downs, E. E., Michigan Agr. College, East Lansing, Mich. 
FietcHer, C. C., Bur. Soils, U. S. Dept. Agr., Washington, D. C. 
FietcHer, O. S., Ellensburg High School, Ellensburg, Wash. 

Furry, R. L., Ferguson Seed Co., Sherman, Tex. 

Hotcukiss, W. S., Substation No. 2, Troup, Tex. 

HUELSKEMPER, Epwarp H., 411 Terry Street, Longmont, Colo. 
Horst, J. B., 111 Knoblock Street, Stillwater, Okla. 

JarreELL, J. F., Expt. Dept., Great Western Sugar Co., Longmont, Colo. 
Kuska, J. B., Colby Substation, Colby, Kans. 

MclItvaine, T. C., W. Va. Agr. Expt. Sta., Morgantown, W. Va. 
McNeEss, Geo. T., Nacogdoches Substation, Nacogdoches, Tex. 
MuNpDELL, J. E., Big Springs Expt. Farm, Big Springs, Tex. 

Pate, W. F., N. C. Agr. Expt. Sta., West Raleigh, N. C. 

Reep, Everett P., N. Y. Agr. Expt. Sta., Geneva, N. Y. 

ScHUER, Henry W., 296 Chestnut St., Chillicothe, Ohio. 

SuHinn, E. H., 238 Main Street, Stillwater, Okla. 

SmiTH, J. B., Dept. of Farm Crops, College of Agr., Columbia, Mo. 
TILLMAN, B. W., Bur. Soils, U. S. Dept. Agr., Washington, D. C. 
True, Ropney H., Bur. Plant Indus., U. S. Dept. Agr., Washington, D. C. 
Warp, Wy tir R., University Farm, Lincoln, Nebr. 

Woo, Mor Lee, Spreckels, Cal. 


MEMBERS RESIGNED. 


BuELL, T. W. Hortz, Henry F. Nucxois, S. B. 
Cory, Victor L. LeCuiar, C, A. Orton, W. A. 
McMurpo, Geo. A. 


ADDRESSES CHANGED, 


Dorsey, Henry, 306 Stewart Ave., Ithaca, N. Y. 

GARLAND, JoHN J., Holmes-Letterman Seed Co., Canton, Ohio. 

Henpry, Geo. W., University Farm, Davis, Cal. 

HERSHBERGER, Jos. P., jr., 1835 Indianola St., Columbus, Ohio. 

Hitt, W. H., Laboratory Inland Rev. Dept., 317 Queen St., Ottawa, Ont. 
Martin, TuHos. L., Castle Dale, Utah. 

Puiturs, TuHos. G., College of Agriculture, Columbus, Ohio. 

Tutte, H. Fotey, Dept. Soil Physics, University of Illinois, Urbana, I!L 
Wextcu, J. S., Paradise, Utah. 
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NOTES AND NEWS. 


A. C. Hartenbower has resigned as agronomist in charge of the 
Guam station and has returned to the continental United States. He 
has been succeeded in Guam by C. W. Edwards, formerly engaged 
in agricultural work in the Philippines. 


R. B. Lowry succeeded J. C. Pridmore as associate professor of 
agronomy in the University of Tennessee on February 1. Mr. Prid- 
more’s resignation to enter commercial work was previously noted. 


George E. Vincent, for the past several years president of the Un1- 
versity of Minnesota, has resigned to become president of the Rocke- 
feller Foundation and has entered on his duties in the latter position. 
Marion L. Burton, president of Smith College, has been elected to 
succeed him in Minnesota and has accepted the position. 


J. S. Welch, superintendent of the Gooding (Idaho) substation, 
has resigned and has sailed for New Zealand, where he will teach 
agriculture in the Maori agricultural college. 


Albert F. Woods, dean of the Minnesota college of agriculture and 
director of the experiment station since 1910, has accepted the presi- 
dency of the Maryland State College and will begin his new duties 
on July 1. His new position entails the supervision of all the agricul- 
tural activities of the State. 


Several administrative changes have been effected in the Federal 
Office of Dry-Land Agriculture. John S. Cole will have general 
charge of field stations, assisted by John M. Stephens in the northern, 
O. J. Grace in the central, and E. F. Chilcott in the southern Great 
Plains. Messrs. Stephens, Grace, and Chilcott will retain the super- 
intendencies of the Judith Basin (Mont.), Akron (Colo.), and Wood- 
ward (Okla.) field stations, respectively. W. E. Lyness has been 
transferred from the Akron to the Archer, Wyo., station, and has 
been succeeded at Akron by Jos. F. Brandon of the University of 
Illinois. Albert Osenbrug has been assigned to the Scottsbluff, 
Nebr., station, and H. J. Clemmer to the station at Woodward, Okla. 


J. A. Holden has succeeded Fritz Knorr as superintendent of the 
Scottsbluff, Nebr., experiment farm of the Office of Western Irriga- 
tion Agriculture. Mr. Knorr is now engaged in farming in northern 
Alabama. 
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Loca SECTIONS. 


The fifeenth regular meeting of the Washington (D. C.) section 
was held at the Cosmos Club, February 9, 1917. The program con- 
sisted of a paper entitled “Some Features of Soil Classification,” by 
Dr. C. F. Marbut, in charge of soil survey in the U. S. Department 
of Agriculture. Dr. Marbut defined soil from the standpoints of the 
geologist, pedologist, and agronomist, stating that to the latter a soil 
is anything in which plants grow. He showed that soils derived from 
the same or similar rocks may vary widely, while similar soils may 
be derived from very different rocks, illustrating the futility of a 
geologic classification of soils. He then discussed at length the sev- 
eral soil belts which extend around the world, as pointed out in a 
Russian work on soils published in 1914 and which is still extremely 
rare in this country. According to the Russian scientists, there is a 
great belt of tundra in the north, the progression from north to south 
being through belts of gray forest and black prairie soils into the 
yellow and red soils of the semitropical and tropical countries. 

The sixteenth regular meeting of the Washington section was held 
on March 1. ‘The program included papers on “ Experiments on the 
Effect of Fall Irrigation on Crop Yields,” by F. D. arrel 2 so- 
gression of the Wheat Harvest from South to North in the Great 
Plains,’ by Joseph F. Brandon; and a report of recent studies in 
evaporation and transpiration, by L. J. Briggs and H. L. Shantz. 

The first regular meeting of the Columbus (Ohio) section during 
1917 was held February 1, during Farmers’ Week. Dr. E. R. Allen 
of the Ohio station presented an interesting paper on “ The Attack on 
the Problem of Soil Biology.” The meeting was so enjoyable and 
profitable that it was decided to continue the practice of holding a 
meeting of the section during Farmers’ Week, making it the one big 
affair of the year. | 

The following papers have been presented before the South Dakota 
section at Brookings since January I: 

On January 12, “ Wheat Rust,” by A. N. Hume; on February 2, 
“Transpiration of Sweet Clover in Different Soil Types,” by Howard 
Loomis; and on March 1, “ Cooperative Cereal Experiments at High- 
more” and “ Sorghum Culture in South Dakota,’ by J. D. Morrison 
and George Winwright. 
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THE EFFECT OF SODIUM NITRATE APPLIED AT DIFFERENT 
STAGES OF GROWTH ON THE YIELD, COMPOSITION, 
AND QUALITY OF WHEAT.* 


J. Davipson anv J. A. LE CLERC. 


INTRODUCTION. 


The work of Le Clerc and Leavitt? showed that the variation in 
nitrogen content of wheat is independent of the original nitrogen 
content of the seed used. This conclusion has since been corroborated 
by data which have not yet been published with reference to wheat 
and other cereals. The work of Shaw and Walters? and also that of 
Le Clerc and Yoder* furthér showed that the soil is a minor factor 
in accounting for the variation in the nitrogen content of wheat. 
The logical conclusion of these experiments is that the principal 
factor producing variations in the nitrogen content of wheat within 
the limits of these experiments is climate. Climate, however, is a 
complex of a number of factors, as rainfall, sunshine, elevation, 
minimum and maximum temperature, etc. It remains to be found 


1 Contribution from the Plant Chemical Laboratory of the Bureau of Chem- 

istry, U. S. Department of Agriculture. Presented at the ninth annual meeting 

of the American Society of Agronomy, Washington, D. C., November 14, 1916. 

2Le Clerc, J. A., and Leavitt, Sherman. Trilocal experiments on the influ- 

| ence of environment on the composition of wheat. U. S. Dept. Agr., Bur. 
| Chem. Bul. 128, 18 p._ 1g10. 

3 Shaw, Geo. W., and Walters, E. C. A progress report upon soil and cli- 
matic factors influencing the composition of wheat. Cal. Agr. Expt. Sta. Bul. 
216, Pp. 549-574. IQII. | 

ee Clerc, J. A., eid Yodés,: P;,A; Environmental influences on the physical 
and chemical Be ties of wheat. U.S. Dept. Agr., Jour. Agr. Research, . 
v. I, no. 4, p. 275-291. I9g14. 
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out which factor or which combination of factors composing climate 
is responsible for these variations. It remains further to be de- 
termined whether the action of climate is direct, affecting the meta- 
bolism of the plant, or if it is indirect, affecting the amount of avail- 
able plant food in the soil. The work reported here was undertaken 
as the first step in answering these questions. It was thought that 
perhaps climate was responsible for the variation in the available 
nitrates at different stages of growth, and it was therefore deemed 
advisable to see what would be the effect of applying sodium nitrate 
at different stages of growth. 


/ 
PLAN OF EXPERIMENTS. 


Size of Plot—rThere has been much discussion in agronomic litera- 
ture with reference to size of plot for field experiments. The tenth- 
acre plot is commonly accepted. The reason for using such large 
plots is to overcome the lack of uniformity in the soil and to allow 
for variation in the vitality of the seed used. In the present experi- 


ments there has been a conspicuous deviation in the method of laying ~ 


out and in the size of the plots from the general practice. The plots 
were laid out after the crop was up. Areas showing uniform growth 
were selected and therefore it was possible to limit the plots to 1 
square rod each. The results, as will be shown further, have proved 
quite satisfactory, and would no doubt have ‘been much more satis- 
factory if the land had been more carefully prepared and drilled. 

Method of Applying Fertilizer—The sodium nitrate was used at 
the rate of 2 pounds per plot, equivalent to 320 pounds per acre. It 
was applied in one period, two periods, and three periods. The 
periods chosen were: 

(1) When the crop was about 2 inches high. 

(2) Time of heading. © 

(3) Milk stage. 
In order to assure the availability of the fertilizer at the particular 
stages of growth, the nitrate was applied in solution. The concentra- 
tion of the solution was I to 100 in all cases, : 

To check the advisability of applying the fertilizer in solution in 
the future, parallel plots were prepared to which the solid fertilizer 
was applied. These plots received the same amount of water as the 
plots to which the fertilizer was applied in solution, except that the 
water was added the day before the application of the nitrate. The 
plots which received the fertilizer in two or three periods also re- 
ceived the same amount of water as those plots which received the 
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fertilizer in one period. The additional water above the amount 
required to make up the proper concentration was added the previous 
day. Therefore, all these plots received the same amount of water 
at each of the three different stages of growth. 

To check the effect of water a series of plots was prepared to 
which the fertilizer was applied in solid state and to which no water 
was added. An additional series of plots was prepared to which 
sodium nitrate and potassium chloride were applied, and also one to 
which potassium chloride alone was added. These series were planned 
in order to see whether the relation between nitrates and potash 
on the one hand and the quality and composition of wheat on the © 
other found by Headden® would hold good under these conditions. 
The experiment was carried on in duplicate series. The details of the 
treatment which was given the individual plots are presented in the 
following pages. The experiment was carried out in 1916 on the 
Kentucky Agricultural Experiment Station Farm at Lexington, Ky.° 


TREATMENT OF INDIVIDUAL PLots AT DIFFERENT STAGES OF GROWTH. 


Plot 
No. When 2 inches high, Time of heading. Milk stage. 
I.2 pounds of NaNO; 25 gallons of water. 25 gallons of water. 


dissolved in 25 gal- 

lons of water. 

=2. 2 pounds of NaNO, Do. Do. 

and 25 gallons of 

water the day pre- 

vious to the appli- 

| cation of fertilizer. 

_ 3.% pound of NaNO, % pound of NaNO, dis- %4 pound of NaNO, dis- 


dissolved in 8% gal- solved in 8% gallons solved in 8% gallons 
lons of water and of water, and 1614 of water, and 1614 
164% gallons of wa-- gallons of water the gallons of water the 
ter the day previous day previous to the day previous to the 
to the application of application of the fer- application of the fer- 
fertilizer. tilizer. tilizer. 


| % 4.% pound of NaNO, % pound of NaNO, and % pound of NaNO, and 
and 25 gallons of 25 gallons of water 25 gallons of water 


water the day pre- the day previous to - the day previous. to 
vious to application the application of the the application of the 
of fertilizer. fertilizer. fertilizer. 

5. 25 gallons of water. 25 gallons of water. 25 gallons of water. 


5 Headden, W. P. Colo. Agr. Expt. Sta. Bul. 205. 

a  ®QOccasion is hereby taken to express our gratitude to the late Dr. J. H. 
Kastle, director of the Kentucky Agricultural Experiment Station, for his cour- 
tesy in offering us the facilities of the station, and to Prof. E. J. Kinney, of 
the same station, for his assistance in carrying out the experiment. 
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6. 


I0. 


eT. 


12. 


13) 


14. 


15. 


I *pound of .NaNO; 
dissolved in 1214 
gallons of water 
and 1214 gallons of 
water previous to 
the application of 
fertilizer. 


. Lpound of NaNO, and 


25 gallons of water 
the day previous to 
the application of 
fertilizer. 


. 25 gallons of water. 


I pound of NaNO, 
dissolved in 1244 
gallons of water 
and 1214 gallons of 
water the day pre- 
vious. 

I pound of NaNO; 
and 25 gallons -of 
water the day pre- 
vious to the appli- 
cation of fertilizer. 

25 gallons of water. 


Do. 


Do. 


Do. 


I 


| 


Ln 


La | 


/ 
JOURNAL OF THE AMERICAN SOCIETY OF AGRONOMY.' 


pound of NaNO, dis- 25 gallons of water. 


solved in 124% gallons 
of .water and 1216 
gallons of water the 


day previous to’ the. 


application of the fer- 
tilizer, 

pound of NaNO, and 
25 gallons of water the 


day previous to the 
application of fertil- 
izer. 


pound of NaNO, dis- 
solved in 121% gallons 
of water and 1216 
gallons of water the 


day previous to the 
application of fertil- 
izer. 


pound of NaNO, and 
25 gallons of water 
the day previous to 
the application of fer- 
tilizer. 


25 gallons of water. 


2 pounds of NaNO, dis- 


solved in 25 gallons of 
water. 


2 pounds of NaNO, and 
25 gallons of water 


the day previous to 
the application of fer- 
tilizer. 


25 gallons of water. 


Do. 


Lae 


Lae 


La 


25 gallons of water. 


Do. 


2 pounds of NaNO, dis- 


2 pounds of NaNO, and 


pound of NaNO, dis- 
solved in 121% gallons 
of water and 12 
gallons of water the 
day previous to the 
application of fertil- 
izer, 

pound of NaNO, and 
25 gallons of water 
the day previous to 
the application of fer- 
tilizer. 

pound of NaNO, dis- 
solved in 12% gallons 
of water and 12!6 
gallons of water the 
day previous. 


pound of NaNO, and 
25 gallons of water 
the day previous to 
the application of fer- 
tilizer. 


solved in 25 gallons of 
water. 


25 gallons of water 
the day previous ft 


. I pound of NaNO,. 
: No treatment. 

. I pound of NaNO, 
. No treatment. 

. Do. 

. Do. 


gallons of water. 
25. 25 gallons of water. 


26. Do. 


27. 2 pounds of KCI dis- 
solved in 25 gallons 


of water. 
28. 25 gallons of water. 


29. Do. 


30. 2 pounds of NaNO; 


and 2 pounds 
KEL 
31. No treatment. 


32. Do. 
as. 2 pounds of KCI. 


34. No treatment. 
a5. Do. 


. 2 pounds of NaNO,. 
. % pound of NaNO,. 


a pounds of NaNO; 
and 2 pounds of 
KCI dissolved in 25 
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No treatment. 

*% pound of NaNO,. 
I pound of NaNO,. 
Do. 

No treatment. 

2 pounds of NaNO). 
No treatment. 

Do. 

25 gallons of water. 


2 pounds of NaNO, and 
2 pounds of KCl dis- 
solved in 25 gallons of 
water. 

25 gallons of water. 


Do. 


2 pounds of KCl dis- 
solved in 25 gallons of 
water. 

25 gallons of water. 


No treatment. 


2 pounds of NaNO, and 
2 pounds of KCl. 
No treatment. 


Do. 
2 pounds of KCI. 
No treatment. 
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the application of fer- 
tilizer. 
No treatment. 
% pound of NaNO). 
No treatment. 
1 pound of NaNO,. 
Do. 
No treatment. 
2 pounds of NaNO,. 
No treatment. 
25 gallons of water. 


Do. 


2 pounds of NaNO, and 
2 pounds of KC! dis- 
solved in 25 gallons of 
water. 

25 gallons of water. 


Do. 


2 pounds of KCI dis- 
solved in 25 gallons of 
water. 

No treatment. 


Do. 


2 pounds of NaNO, and 
2 pounds of KCI. 

No treatment. 

Do. 

2 pounds of KCl. 


Yield and Percentage of Grain in Crop—As seen from Table 1, 
only those plots which received the nitrate at the first stage of growth 


responded in yield to the application of this fertilizer. 


Of the 70 


plots of the experiment 28 received varying amounts of sodium nitrate 
at the first stage, of which Io received the nitrate at the rate of 320 
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pounds per acre, 12 at the rate of 160 pounds per acre, and 6 at the 
rate of 10674 pounds per acre. All these plots showed a decided 
response in yield, the response being distinctly proportional to the 
amount of nitrate applied at this stage of growth. The nitrate ap- 
plied at the second and likewise at the third stage of growth did not 
seem to affect the vegetative growth of the crop in the slightest 
degree. 


TABLE 1.—Yield and percentage of grain from plots to which nitrate of soda 
was applied in various quantities at various stages of growth. 


g Vield of grain, pounds. Percentage of grain in 
6 crop. 
isn] 
S : ; 
Fertilizer added at each = ANN ir Saal) Water applied. Water applied. 
application. = vpetuaaloe ee No Fern | tpeeee No 
a . J ertl } ertl water ] ertl u ertl water 
: izes in | lzer in| applied, lzer im | lass | applied. 
ea tion. state. tion. state. 
——eeeeeeeeesEN | | 
Blbs] NaiNiOs ese. LT Pirst 34.0 ‘| 34.2 | 20.6 1934.0 eee ees 
28.8 -|. 26.4 -| (28.8 |, 30:0 5) azeGme ore 
DOr Sra cee: I | Second 14.7 | 17.0 | -L5s8) 035.0) eee 
14.8 14.6 ENS ly Sie CA ey a ee So peas 
DOS Ween t | Third. . 2.2.2.2.) 16.3 | 1428 |. 16:3 | Sao: ee eee o 
13.2 ie Ba) 14.0 || .8G:0%). etre 3 53 
Dello. Nas), tee cee 2 |Firstand second| 25.6 | 24.8 | 25.0°| 36.49) (46.2 q)¢5.0 
272 24.4 | 26.4.0) 236,07) eager y 
TD OMS. uceoetin Cee 2 |Secondand third 16.8 14.6 15.21) 25-00) 226 /9)220.0 
Meee 14.2 12:6) 26.55) Oo. 5 essees 
DON ps. ake ek cease 2 | First and third. |. 25.6 | 23.8°} 25.09) 42. 2.0)5 Ome 
255 DRS 24.4. 2\) By. Om earne 35.0 
2/3 Ib. NaNiOs 2. 3 | First, second 20.6 | 20.0”) 22.5) 28:00) a agee ese 
and third \ 21.2 | 21:0 | 25.2 | 2 7eae seem Te 
2 Ibs. NaNO3 + \ ele B22 eae 32.1 ae eee 39.6 
2 lbs. KCl ih 217 A ree cs Plc 34.2. | gee oe ee 26.2 
DG se yee Peeler I | Second Tat eee 15.2 398m ones 40.5 
TOS2 iki e tees 87 fash 27 Gtr We lo eae 38.5 
Doss. 5 Reset laa TAS We ene 2 12.0 9| 37. 3%5) eee eee 40.5 
D7 NO algerie P5:4%) |. 305 eure 38.5 
BclDS ke Clam sce 75 airst DASA yl ees atte 16:6: |. 26.0 915. eee 33-5 
Ta ale ewlee 15.0 33:0 cts 39.0 
IDG. 082 Soe RRS: tl Sno Second EAI ea Sey 5.0 Dee eeeere 32.6 
TOP le eveveke 15.4. | S263 Ape ae 38.1 
TSO sre caverns ete a 1 | Third EA Sa aed 12.4: || Sa egeat een 32.4 
} T 50) leew er 15:0 | 39:2) lass: B7S 
Checky nF ior has ees — |— 18.8 13.0 34.1 25.3 
14.4 16.3 36.8 33-6 


The plots to which nitrate was added in solid form showed the 
same tendency as those which received it in solution. It will be 
noticed, however, that of the plots which received their nitrate at the 
first stage, those which received it in solution showed a tendency to 
yield somewhat higher than those which received it in solid form. A 
possible explanation of this phenomenon lies in the fact that the 
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fertilizer was less evenly distributed in the plots to which it was 
applied in solid form. Certain spots in these plots probably received 
the nitrate at a rate which lies beyond the maximum point of its 
efficiency. This would naturally be at the expense of other spots in 
the same plots, which would have received the nitrate at a rate less 
than the nominal rate of application at this particular stage. 

No appreciable differences have been noted with reference to the 
effect of the fertilizer on the ratio between grain and straw. 

Percentage of Yellowberry and the Protein Content—The terms 
“yellowberry ” and “flinty ” used in this paper refer only to the outer 
aspect of the grain, as the wheat used was a soft winter wheat with 
a starchy appearance inside. In determining the percentage of yellow- 
berry in a sample any kernel which had the slightest trace of the 
characteristic yellow coloration was classed as yellowberry. This ac- 
counts for the degree of irregularity which is observed in the figures 
representing the percentage of yellowberry in a few of the samples. 
This irregularity, however, does not mask the general tendency, which 
is shown very distinctly. This tendency is still more accentuated 
when the grain of the individual samples is examined in mass. 

As seen from Table 2, the samples grown on the plots which 
received an application of sodium nitrate in the second stage gave by 
far the highest protein content and the lowest percentage of yellow- 
berry. This is clearly shown by every one of the 28 plots which 
received varying applications of the nitrate at the second stage. The 
protein content and the flintiness of the grain grown on those plots 
vary directly with the quantity of fertilizer received at this stage. It 
is therefore the presence of nitrate at the second stage which affected 
the coloration and the protein content of the grain. The grain grown 
on the plots to which the nitrate was applied at the first or third 
stage showed but a slight increase in protein. 

It will be noticed that of the plots which received their nitrate in 
a single application those which received it at the third stage showed 
a tendency to give a somewhat higher protein content than those which 
received it at the first stage. It will be further noticed that of those 
plots which received their fertilizer in two applications those which 


4 received it at the second and third stages gave a distinctly higher 
_ protein content than those which received it at the first and second 


stages. It is possible that the third stage is more conducive to the 
formation of a somewhat higher nitrogen content in the grain than 
the first stage. It is also possible that the difference is due to the fact 
that the increased growth caused by the first application used up 
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more plant food and thus left less of the nitrate in the soil to affect 
the protein content of the grain. 


TABLE 2.—Percentage of yellowberry and protein content of wheat from plots 
to which mtrate of soda was applied in various quantities at three 
stages of growth. 


Percentage of yellgwberry.| Percentage of protein. 
Ge 5 W 3 : = 

Rordhoe atdet creer = 3 ee : ater applied: : Water applied. 

a 2 | ee tae Ferti- | Ferti- water Ferti- | Ferti- hes 
: | lizerin | Maes in | applied.) liges in | Maer in | applied, 

tion. state. tion. state. 
Batis: Sa NOs ens Po irst laa caps 28 23. |.10.85 | 10.80 | 10.88 
! 40 35 17. | FOx@5)|' 16.800) EiA5 
Wola hale anes I | Second 0) 0) I 13.63 |) £3.48") 13.87 
| 0) I oO 14.04 | 13.50 | 13.97 
DOM Seca nae e Lepe | hind | 4I 35 60 | 10.92 | 10.68 | 10.94 
| | 36 43 37° [cE ELE 26.900" 2.65 
rl, INaIN Gant aetnce |.2 | Firstandsecond| 10 0 chee LEO5 2205S rea 
sme) 6 10 LY.87 4 L270 S7)h2103 
WOM e 8% ie ow eee ‘*..|.2 | Second and third 2 2 I 12.95, |'13.02 |°13:45 
I 4 3 13.50 | 13.60 | 13.10 
IDOss ~ cS eetthcers a cast 2 | First and third 34 33 27 10.65 | 10.48 | 10.57 

: A7 40 38: |*10:75- | fO.04-\00.03 4 

2/3 Ib: NaNQs.....;| 3. | First; second II I9 10 TI;44.| Fixe 7) tas07 
and third | 86 20-"ie nis LE.44-)) £E580\) 12353 
2 lbs. NaNOs + \ Mal inader BA SiN eren ped 33 | EOt73" | ga eee 
2 Ibs. KGI By A ae AERA 27, LIA es fees II.50 
DO. see ere eat eae 1 | Second a oe es I E3200). 0c eke 13-79 
cri: Cie | oh 4 PASTA he teers 13.63 
DDO are oe Se 1 | Third ae oO ae 40 EL:O7 bs -Avae 11.38 
eee aha e 40: CTL ee 10.76 
2 Msi KCI ates it sees I | First 7 EME EE 65 POS Ilene © 10.38 
| kets mas 62 9.08 |. te: 9.91 
WOM aie Be Sh t | Second GSiiy see eee 7x O52 see 10.18 
Somali eas 47 SiOAu «feist 10.30 
TD OS epee ne ey Taek oat r--| ane Os Malays teks 72 10,008 |555:2 ee 9.39 
. erg: “iat |, os} ae O84 ae 10.10 
Ghee ts ie. sie aan Sao Se 64 49 10.05 10.01 
68 Airis 9.76 10.29 


With reference to the coloration of the grain, there is some slight 
indication that those plots which received their nitrate in the first 
stage only gave a smaller percentage of yellowberry than those which 
received it at the third stage only. It is possible that it was due to 
the residual sodium nitrate left over in the soil from the first stage 
to be used by the plant at the second stage of growth. 

When potassium chloride was used alone in any plot the percentage 
of yellowberry in the grain seemed to be increased. 

Weight per Bushel and Weight per 1,000 Kernels. Table 3 shows 
that there is no consistent variation in the weight per I,000 kernels 
and in the weight per bushel. The variations are slight and do not 
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seem to be affected by the various fertilizer treatments. In the work 
of Le Clere and his associates there was a distinct correlation be- 
tween the percentage of yellowberry, the protein content, and the 
weight per 1,000 kernels. The results of this experiment, while 
establishing a definite correlation between the percentage of nitrogen 
and the yellowberry, do not indicate any such correlation between the 
protein and the weight per 1,000 kernels. It is possible that this 
difference is due to the change in the variety of wheat. In the 
former experiments hard winter wheat was used, while in this ex- 
periment soft winter wheat was used. It is, however, also possible 
that the causes affecting the protein content and color of grain and 
those affecting weight per 1,000 kernels are not the same. Attention 
is drawn to the fact that the variation in the protein content in the 
former experiments of Le Clerc and his associates is much greater 
than in the one reported here. 


TABLE 3.—Weight per bushel and weight per 1,000 kernels of wheat from plots 
to which nitrate of soda was applied in various quantities and at various 
stages of growth. 


p Weight per bushel. Weight per 1,000 kernels. 
5) 
a ne a : Water applied. Water applied, 
Ses AEGed at @a| Stages of growth. | - No 
= , : ees : 
aaa Ie lizer in | lizer in [,W3t2%, | izer in | Heerin | ,W&**%, 
, solu- éolidi*| {Ree solu- solidither up 
tion, state. tion. state, 
Bubs. NaNOs...... 1 | First SO-ON-|2 SOC4 S77. 20:2) W270 25 4 
58.3 58.8 57.2 fa 27.0 27.8 
mS I | Second 59.1 SOn7> 7 O0.2 ZT Bi [or ZORO 
5G-G 3 5O-O ul SOv7 2OrO's| 25:7. | 2022 
LE 1 | Third B77 |e SO ge NtOOss, |) 25.0.1). 26:0. |. 2878 
59.4 59.4 58.3 25.1 24.1 22. 
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SOAs Ode SOLE BE O e272) tr 28.3 
2/3 lb. NaNOs.....| 3 | First, second \ Gots) Go.504|) 5e@.4).| °30.3° |'28.3" |. 27.0 
and third 56-001 59.4 a) 5O:4)'| 28:0: ||| 28:61. 24.7 
2 ibs. NaNOs + First OOseese. <ees OO le BOOr- leco ass. 29.9 
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aig. ag, a) ares I | Second cSTe ey ol ae ae (SY eats Ae ie a I A 2556 
GOB hero yh 60.2 Fg a A eee 26.7 
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SUMMARY, 


1. The presence of sodium nitrate in the soil at the early stages of 
growth stimulated the vegetative growth of the crops and ae 
gave greater yields. ! 

2. The presence of sodium nitrate in the soil at the time of heading 
gave a better quality of grain with reference to color and protein 
content. The vegetative growth was, however, not in the least 
affected. 

3. The presence of sodium nitrate in the soil at the milk stage of 
the grain had no eure on yield, quality, or protein content of the 
grain. 

4. The same results were obtained from the plots which received 
their nitrate in solution and those which received it in solid form, 
except that the yields from the plots which received the fertilizer at 
the first stage were higher in the former case than in the latter. The 
reason for this is probably the better distribution of the fertilizer 
when applied in solution. 

5. The use of potassium chloride did not affect the vegetative 
growth, nor did it appreciably affect the composition of the grain, but 
it did seem to increase the amount of yellowberry when used alone. 
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THE QUALITY OF WESTERN-GROWN SPRING WHEAT.’ 
C. H. Balrey. 


The crop year 1916 presented an unusual situation with regard to 
the marketing of the wheat grown in the Pacific Northwest. Ordi- 
narily this wheat, grown principally in what is known as the Inland 
Empire, is marketed through Tacoma, Seattle, and Portland. Cer- 
tain abnormal economic conditions, including high freight rates from 
the western ports and limited tonnage, have resulted in its transporta- 
tion eastward by rail. Not since the rust-damaged spring wheat 
crop of 1904 has so large a quantity entered the: markets of the 
Central States. Because of the short crop of rust-damaged wheat 
produced in the spring wheat area during the crop year of 1916, the 
attention of Central States millers is again being drawn to this 
western wheat, and an unusually large quantity is being utilized by 
them. Only a portion is being ground in these mills, however, much 
of it being consigned for export through eastern ports. 

In addition to the varieties commonly grown in the Pacific North- 
west, a considerable acreage of Marquis wheat was sown this past 
season. A part of this was shipped to the Minnesota markets during 
September, 1916. Some of the first consignments were so soft and 
starchy as to render difficult a classification based on the physical 
characteristics of the kernels. The yellowberry condition had re- 
sulted in the loss of the usual angularity of the edges of the cheek 
and crease of the kernel, which had a rotundity common to certain 
other varieties. 

Tests were made of some of these first shipments of Marquis wheat, 
and the results showed them to be inferior to the average of the same 
variety of wheat grown in the Great Plains area. The writer there- 
fore proceeded to those sections of Montana, Idaho, and Washington 
which were shipping grain of this variety, and collected a number of 
samples in order to ascertain the comparative quality of each. To 
afford a comparison with the varieties of wheat more commonly 
produced in the same areas, a number of samples of other kinds of 
wheat were collected at the same time. These were tested in the 


1 Contribution from the Minnesota Grain Inspection Department Laboratory. 
Received for publication January 27, 1917. 
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manner usual to this laboratory, namely, by grinding them in the 
experimental roller mill, thus producing a white middlings flour which 
was baked into bread under controlled conditions.2, The percentage 
of crude protein in the wheat was also determined. 

It was found that the greater part of the Marquis wheat produced 
in the Inland Empire is raised in the Palouse district near Pullman, 
Wash., and Moscow, Idaho, and in the Nez Perce district, particularly 
around Genesee and Lewiston, Idaho, and on the Camas Prairie be- 
tween Reubens and Grangeville, Idaho. This variety is particularly 
adapted to the higher altitudes of the Camas Prairie, since it matures 
sufficiently early to avoid the frost of late summer. The Volimer- 
Clearwater Company of Lewiston, Idaho, has been largely instru- 
mental in introducing and encouraging the production of Marquis 
wheat in this portion of the Nez Perce district. 3 

Marquis wheat was first grown in these localities in any eater: 
able quantity during the season of 1914; the increase was sold for 
seed, and it was not until the fall of 1916 that it was shipped to any 
extent. The larger part of the Marquis wheat acreage was sown in 
the spring, although occasional fields were fall-sown. In and around 
Culdesac, Idaho, it was reported that the larger part was being sown 
in the fall; this is the only locality visited where the reverse was not 
true. The experiment station at Moscow, Idaho, reported materially 
larger yields from the spring-sown plots of this variety than from 
those sown in the fall. 

It was observed that in general those samples of Marquis wheat 
grown at the lower altitudes were decidedly high in their content of 
yellowberry kernels, while those grown at higher altitudes were gen- 
erally corneous and dark red in color. The chemical analyses and 
baking tests of these samples paralleled their appearance quite closely, 
the corneous samples being higher in crude protein and in baking 
strength than those consisting largely of yellowberries. The relation 
between altitude and hardness of the grain was not exact in all cases, 
however, certain other environmental influences occasionally counter- 
acting the general relation observed. The samples collected at Lewis- 
ton, Culdesac, and Ferdinand, in Idaho, serve to illustrate the differ- 
ences between lots grown at different altitudes. Lewiston is at an 
altitude of 742 feet, although the adjacent farming land is somewhat 
higher than this ; Culdesac is 1,620 feet above sea level, and Ferdinand, 
2,728 feet. The average percentages of crude protein in the Marquis 


2 The milling methods are described in Minn. Agr. Expt. Sta. Bul. 131 and 
143; the baking method in Jour. Indus. Engin. Chem., 8: 53-57, Jan., 1916. 
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wheat samples collected at these three stations were as follows: 


Lewiston, 8.93; Culdesac, 9.83; and Ferdinand, 11.38. The last 
average does not include the sample taken from a lot which had been 
allowed to become dead ripe before harvest (Lab. No. 207a), and 
which contained only 7.87 percent of crude protein. ‘The relation 


between altitude and protein content is doubtless due to the materially 


shorter season at the higher altitudes. It is generally true that, other 
things being equal, a short growing season results in higher per- 
centages of protein and harder kernels than when the seasons are 
long. 

The Marquis wheat grown on the experiment station farm at 
Pullman, Wash., was materially higher in protein content and in 
baking strength than any of the other varieties produced there of 
which samples were obtained. The Turkey (winter) and Early 
Baart (spring) were about equal, the latter being slightly lower in 
percentage of protein, but giving a larger loaf. The yield of flour - 
was greater from the Turkey, however. The common soft white and 
red wheats grown at Pullman were inferior in these respects to the 
three varieties mentioned, the Jones Winter Fife being the poorest, 
followed closely by Red Russian and Fortyfold. Two samples of 
Marquis wheat grown near Pullman and obtained through Mr. W. M. 
Chambers were decidedly inferior to the sample from the experiment 
station. They contained 8.09 and 8.49 percent, respectively, of crude 
protein and were correspondingly low in baking strength. 

The Marquis wheat obtained at the Idaho experiment station, 
Moscow, contained almost the same percentage of crude protein as 
the Pacific (Palouse) Bluestem from the same farm, but gave a larger 
and better loaf of bread. No Early Baart wheat was obtained at 
Moscow. 

Lind, Wash., in what is known as the Big Bend district, was visited, 
and a number of samples of spring wheats typical of this district 
were obtained. The Big Bend district is characterized by its low rain- 
fall, and the samples of Early Baart and Pacific Bluestem grown in 
the vicinity of Lind reflect that condition in their relatively high 
protein content and baking strength. The average percentage of crude 
protein in the Early Baart samples was 13.10, and in the Pacific 
Bluestem, 12.74. The average loaf volume was practically the same 
in the case of both varieties, being 1,473 and 1,470 c.c., respectively, 
while the average of the expansimeter tests was the same, viz., 687 c.c. 
There was a decided difference in protein content and baking strength 
between the samples of these two varieties grown in the Big Bend 
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district and those grown at Pullman, Wash., in the Palouse district, 
the latter being lower in both respects. 

The larger part of the wheat grown in the Big Bend is spring sown. 
Early Baart ordinarily matures several days earlier than the Pacific 
Bluestem; this past season the fomer was affected by a drought just 
before it matured, which reduced the yield, while a late rain stimulated 
the Bluestem to a greater development, and the yields of it were 
larger than those of the Early Baart. Under normal conditions the 
property of maturing early would be an advantage, since a rain in the 
late summer is unusual in this district, and the Early Baart should 
accordingly be preferred to Bluestem. The farmers are dissatisfied 
with their experience with the Early Baart, however, and the proba- 
bilities are that less of it and more of the Bluestem will be seeded in 
the spring of I917. 

In the principal wheat-growing sections of Montana a thaw fol- 
lowed by a freeze early in the spring of 1916 killed most of the fall- 
sown Turkey wheat. A large part of this acreage was accordingly 
reseeded in the spring to Marquis wheat, and the total production of 
the latter was much in excess of the normal. A number of samples 
of Marquis and Turkey wheat were obtained in different parts of the 
Gallatin Valley and in the Judith Basin. The dry-farmed Marquis 
wheat of the 1916 crop grown in the Gallatin Valley was apparently 
quite uniformly high in protein and also in baking strength. The 
sample of irrigated Marquis grown at Amsterdam, in this valley, 
was much poorer in quality than the dry-farmed wheat from a neigh- 
boring farm. A sample of 1915-crop Marquis, said to be typical of 
that crop from near Belgrade, Mont., proved to be inferior to the 
1916 crop from the same station. Many of the 1916-crop samples of 
this variety were badly mixed with Turkey winter wheat, which 
survived the freeze and matured its grain. The Turkey wheat grown 
in the Gallatin Valley, while fairly high in protein content, did not 
yield as satisfactory loaves of bread as the spring wheat from the 
same localities. 

Marquis wheat raised tributary to Lewistown, Mont., in the Judith 
Basin, also possessed very satisfactory milling and baking qualities. 
There was less difference between the Marquis and the Turkey 
samples obtained in the Judith Basin in these regards than there 
was in the Gallatin Valley samples. Such differences as were found 
were, on the average, in favor of the spring Marquis, although there 
was an overlapping in the cases of the individual samples. 

Data from the milling and baking tests and on the crude protein 
content are given in Table 1. 
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Taste 1.—Data obtained from milling and baking tests of Washington, Idaho, 


and Montana wheats, with the percentage of crude protein in each. 


—___ 
———— 


1730 
—I96a 


_ 199a 
2174 


WESTERN HARD SPRING WHEATS. 


3 Pe | , s 
Lab. a ee) Se) Ber |e) 8 | Sed 
No, Variety. Source. a Ss 33 So a ESS 
= KS fo) ss Oa x) Os 
- WE > a a 
Percent, | c.¢..|. 66.) | Percent. Percent. 
167a |No. 1 West- 
meeered....)N.F. 3933922. :..)- 75.8 560.| 1,:340| 61.3 98| 94 8.21 
Marquis..... Pik. 34052... 75.2 540/1,290| 62.6 99 | 90 7.89 
Marquis No.1|N.P. 44410....| 75.6 |650/1,300| 62.6 98 | 96 9.03 
POR eS a Se otane@e 4 \° %5.6-.1| 690 | 5,360), 63.7 | 100 | 97 9.46 
PME Sel adie.is Meee ne) 7350. | 730 |.%,440), 63:7. | TOL). oO] 1.5 
Marquis..... Pisiman, Wash.| 73:6° |750/1,510| 64.6 |102'100| 11.46 
PMS SUE wih by oss S Gee's 2 « 74.9 600:| 1,330) 65.3 98 | 98 8.09 
(ee OGusn 74.0 660 | 1,360} 67.5 100 | 99 8.49 
2) 5 Se Genesee, Idaho 72:8 °- |\Oe@ | T,2 ro), 66.8 99! 98 8.21 
(Shs | Se enedaee Moscow, Idaho 75 An {| O500 15200) 67.2 100 | 98) 10.06 
is Le ae Lewiston, Idaho} 74.0 610 /1,310| 63.5 IOI | 100 8.70 
ee pe ee ea re do. FAO O60"! 1,366) 962.6 | 102 | 99 8.92 
OO SOO eae ieee ee 75.2 620-| 15320) 63-3 I02| 94 9.18 
IO Lec hse. Fort Lapwai, 
bani CS. risen 670 |-1,450)). 62.2 LOL! 99) | 10.54 
eo Ee Culdesac, Idaho| 73.2 730|1,460| 65.5 103 | 100] 10.49 
Marquis (fall)|...... Gs.) 2 oops 12:0 650; 1,300), . 62.2 100 | 93 9.41 
DPMS. 2 sche SS 2 re 72.8 570|1,290| 62.8 IOL| 93 9.59 
(nMOnvav ~~... |Ferdinand, Ida. 72.4 |690/1,380| 66.2 LOL W408. LO.55 
SS a do. F24- | 700 | (T3430) .05:5 102|1I00/| I1.69 
Marquis (cut 
eh ee So 60.8 7° |/660'|'4,430).. 65.3) || T00:).00 | 11-91 
Marquis (cut . 
“1 o) ed eer Goal. 70.5 500 | 1,280] 64.0 | 101} 99 7.87 
LS ae Lewistown, 
LC ar 70.0 FOO | L470) * 64.8 6202) |.O9"|) 1.46 
SE Sa ae yaa pa 72.8 740|1,510| 64.8 GS MOS re ot 
MATES): o 5. |. d 5 cu. ae 70.9 750|1,560| 65.5 I00 | 100} I0.II 
Marquis (dry- 
farmed) ...| Amsterdam, 
Mont.) 2 . 70.5 FGO ih 5 5O | O55 84 Go.) 13.22 
Marquis..... 
Miirigated )|f..%. . | a ane mae pec 600 / 1,300, 63.5 99 98 9.63 
Marquis..... Manhattan, 
Waetteas vik. 72.3 740/1,510| 63.3 LOO%| HOS) | 12.14 
Marquis Belgrade, Mont. 
Kier sic ss : (ENS 630/1,350| 63.1 IOI | 100 8.83 
Marquis 
(5016) . Been). | 7229 | 680. | TARO. OF. 39 OF) 507 | ELega 
jAverage..... 313 666 | 1,394! 64.3 100 | 973| I0.01 
WESTERN HARD WINTER WHEATS. 
merkey icc... Pullman, Wash.| 74.1 560 /|1,300| 66.2 98 | 904 | 10.07 
Turkey | 
(mixed) ...|Lewiston, Idaho} 72.3 | 560/1,400| 68.4 99 | 98 8.21 
ete Cee hs =< .5| fis sa 2s Mor outs. yes 670 |1,420| 66.0 102 | 99 FES7 
oe eae R.I. 31803 72.0. | O20) FGA 5 Ola OF..5 99 | 98 10.29 
| (Spokane)... 
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WESTERN HARD WINTER WHEATS.—C ontinued. 


Lab E ag “f Sd sé| § gee 
Variety. S : = | 8 #9 |/38|. € 5-5 9 
H E Fe = 
Percent. |. €.6.:|\ 6:6.) derecnt sien P. t 
220a |No. 2 Mont. |Lewistown, Saeae 
Winter. Monta 2): 5% 70.8 700 |1,510|. 69.9 100 | 97 £2.34 
221a |No. 3 Mont 
Wilner es i. ec GO’ seas 69.0 630/1,490| 66.2 09 | 94 E2:05 
22.20) seu Key Sais) haere COs ate 73.0°°>|.OLG: 2, 450 sores 100 | 95 9.29 
2240—\). doe Manhattan, 
Monts. i...) SY a7s | GEO: hae rele tomes 98 | 95 11.26 
Z30CA GO eta rt alta wees Ons. Sue. AOS) VOOOS 1,350 OTs 98 | 99 £2563 
AVETA SE Te hal: tone tages monies 72.0. | 618 \1;4n0} . 67-8 99 | 963; 10.81 
WESTERN SOFT RED WHEATS. 
172a |Wash. Hybrid 
( INOwt23 ..\Pullman,- Wash:|*— 71:6 §60 |-1;250\s0 O73 97/95 9.30 
174a |Jones Winter 
Hitec ee Serene Aare sae ebie iy, AZO | I, E20) "O2es 99 | 92 9.26 
E7Sa@ Red Russians: eos dons seat 72.2 430 | 1,160) 624 96 | 92 8.93 
190a |....do......|Moscow, Idaho 72.8 530. |, £1220] ~ 02:0 95 |: 85 10.29 
215a Jones Winter | 
EMG y aie ye es Lind, Washs:..2). J70:0:> |-480:nr, 220 somes 98! 75 Q.12 
163@_Crail Rife. >>| Montana .:)2 ~++| 71.2" | 510 |1,110) 56.8 4) 6g roo 9.86 
VASVIEEAGE OFC ail) ce ut Matayanehonk ke 71:0. |AQ0 2,163)| eee 97| 88 9.46 
EARLY BAART WHEAT. 
181a |Early Baart .|Pullman, Wash.| 71.3 |660|1,350| 62.0 | 100] 99 9.82 
2BOOE is tcGdOss 2.3 pei, Wash.-2 a5". 470.2 7130-|-1, 520!" @2.6 102 | 98 13.91 
ZTOU lees Os. A oe Lhe et LOE reece 72.0 670|1,490| 62.2 100 | 96 12.48 
2T1G ee dO. cans oh 2 SO. 5). oom es PO FO.9 — 3) O60 45 AaG |G er an ane 12.92 
PIL OG GSC te, CO. tae 5] eee 35 
a (Spokane) ... 69.6 | 620/ 1,440] 59.3 99 | 98 |_ 11.38 
Ate irs e Cll) ene ee i. ee ; 70.7 |66811,442| 61.6 | 100! 98 | 12.10 
PACIFIC BLUESTEM WHEAT. 
212a |Pacific Blue- Lind, Wash.\.. =}. 7oc4 730 I00 | 99 12.94 
SUE. lisa. 
OREN oe eee dose: PREC stone csisranets 69.0 620 100 | 99 12:31 
DRAB ie ony Doser: 2 ATO 5s re ee OOrO 710 IOI | 98 12.97 
EOS Oe hs tore GOs hes Pullman, Wash.) 72.7 510 96 | 94 9.21 
LOZ iS See. role die a. Moscow, Idaho 73.9 | 480 95 | 90 10.03 
TOS@ ae tina Goan Lewiston, Idaho! 73.3 520 07| 94 8.35 
2ORE Ake sit. do. Orns Ferdinand, 
i Idaho. ierach.: | 72.2 | 520 | 1,300 94] 92 8.26 
Averages iain, © pater aera aT els 4) 973! 95 | 10.58 
OTHER WESTERN WHITE 
176a |Little Club 
(fall) sae 3 Pullman,;Waske| =) 7227-570 1,200) 4035 94 | 95 10.74 
186a |Little Club 
(Sprite erect et. ra (a Pa Oe Be aa.2 550.5, 3520/4 Otek 96 | 96 9.27 
177a |Wash. Hybrid 
NOME 2S. wlanns an eos 735 490/1,210| 60.8 95 | 90 10.20 
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| 3 | a | rt) rw v v= 
e as| ag ee) | ov 5 Uda 
Variety. Source, | ay | a= 6% |09] & Fos 
eri eg ee eee | Ee 
H = ee 
’ | Percent. | c.c. | c.c. | Percent. | Percent. 
Wash. Hybrid 
No. 143 (fall) Pullman, Wash.| 71.9 | 480/1,220] 63.3 96 | 95 9.89 
Wash. Hybrid 
No. 143 | 
POEM ice li. ss s-x Gye Sei. s a yea 520|1,280| 59.1 | 07 |. 97 8.61 
voy a te) s ee ran RS ea 72.4 AroeTeo| 60.4 | 97 | 92 10.57 
RPPGMIOME: cola hr once ss Greie ah ib) ska'« y neo 570|1,290| 61.7 | 98 | 95 8.16 
peaa jiked Allen...)...... i a ae ye ee 620/1,310| 60.0 |100 | 96 9.38 
19ita |Fortyfold... . Moscow, Idaho 74-1 | 460/1,170| 61.7 | 97 | 70° 9.72 
Average..... | “he ne 72.6 519 1,252| 61.3 | 963 }92 | 9.62 _ 


SUMMARY. 


The quantity of Marquis wheat produced in the Pacific Northwest 
and Montana during the crop year of 1916 was much larger than 
usual. This was due to an increased acreage of this variety in cer- 
tain sections of the Inland Empire, and to the reseeding of the winter 
wheat fields which had been frozen out early in the season in sections 
of Montana. : 

Marquis wheat grown at Pullman, Wash., was higher in protein 
content and baking strength than any of the common varieties of 
which samples were obtained. The lots of this variety which were 
grown at the lower altitudes were in general materially lower in 
baking value and percentage of crude protein than those grown at the 
higher altitudes. The difference is attributed to the shorter growing 
season under the latter conditions. 

Farly Baart wheat samples which were grown in the Big Bend 
district of Washington near Lind were higher in the percentage of 
crude protein and nearly as satisfactory from the baking standpoint 
as the average of the spring wheat produced east of the divide and in 
the northern Great Plains district. 

Marquis wheat produced under dry-farm conditions in Montana 
was of good milling and baking quality and was somewhat superior 
in these respects to the Turkey winter wheat grown in the same 
districts. 

The soft red and white wheats of the Inland Empire district, such 
as Jones Winter Fife, Little Club, Red Russian, and Fortyfold, are 
generally inferior in baking qualities to Marquis and Turkey wheat 
grown in the same sections. : 


MINNESOTA GRAIN INSPECTION DEPARTMENT LABORATORY, 
MINNEAPOLIS, MINN. 
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GREEN MANURING: A REVIEW OF THE AMERICAN 
EXPERIMENT STATION LITERATURE—3. 


A. 4: PUBTERS: 


WESTERN SECTION. 


The western section includes the Great Plains, Intermountain, and 
Pacific Coast States and the Western Provinces of Canada. In this 
section the green-manure or rotation work has been conducted with a 
variety of plants rather than with any one species particularly. In 
the western United States alfalfa is the greatest leguminous forage 
plant and in these States also the moisture supply rather than the 
humus content is often the critical factor. 


CALIFORNIA. 


Wheat yields were increased on sandy soil in the San Joaquin 
Valley by turning under green manures as reported in Bulletin 211 
(1911). One plot was fallowed while on others horse beans, 
Canada field peas, rye and vetch, and rye alone were turned under in 
the spring of 1908 and the plots fallowed till the next fall, when wheat 
was sown. The average yield of wheat during 1909 and 1910 was 
as follows: 


Atter <dallows 052 sect o ooo hake One Lat eee 33.3 bushels. 
After dhorse heats 042. ee ens ee eee 37.6 bushels. 
After’ Canada field ‘peds....'2 siti cge ea erecine te we Sere 30.5 bushels. 
Attertyecandveten (ates. ub oe eae ale Dee een ene 54.0 bushels. 
ATER EVO” eat Pe teat ares thes. ae aoe eae 52.3 bushels. 
After wheat (in 1909 Aes Sh hh an ke re Saeed ... 15.7 bushels. 


The stand of horse beans and peas is said to have been fairly good 
and that of rye excellent. In this experiment the summer fallow 
after plowing under the green crops gave opportunity for complete 
decay and the rye gave better results than the legumes. 

On the heavier soil at Davis, Cal. (Bul. 211, p. 268), wheat after 
wheat (average of two plots) yielded 35.6 bushels; wheat after green 
manures turned under, 44.3 bushels; and wheat after fallow (one 
plot), 41.6 bushels. Here also there was a small but evident benefit 
from green manure. 
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A comparison of green manuring with fallowing and with con- 
tinuous cropping on the yield of wheat is made in Bulletin No. 270. 
All plots were fallowed in 1906-7, after which some received green 
manure, others were fallowed, and on two plots wheat was grown 
continuously for six years. The results show that the total yields for 
six years on the continuous grain plots was a little better than on the 
best treated plots for three years but also that on the continuous grain 
plots there was a steady and great decrease in yields while on the 
treated plots this decrease, if any, was small. A consideration of the 
yields during the last four years of the experiment shows that gen- 
erally the green-manure plots have yielded a little less than the fallow 
plot, which has yielded more in one year than the continuous plot has 
in two. The author concludes that at present it is profitable to fallow 
but not to grow and turn under green-manure crops. 

In an experiment conducted at the Citrus Station, Riverside, Cal. 
(Report, 1913-14, p. 62), the relative value of a legume or a non- 
legume proved to be very different from that in the San Joaquin ex- 
periment referred to above. The experiment at Riverside was com- 
menced in 1909 and each year winter green-manure crops were grown, 
plowed under in spring, and corn, potatoes, and sugar beets raised in 
the summer. Barley was the nonlegume used and to some of the 
plots on which barley was turned under nitrate of soda varying in 
quantity from 270 to 1,080 pounds per acre was applied after the 
summer crop began growth. The report of 1913-14 gives the 4-year 
average yield of corn, 2-year average yield of potatoes, and 2-year 
average yield of beets, as shown in Table Io. 


TaBieE 10.—Vields of corn, potatoes, and beets at Riverside, Cal., after legu- 
minous and nonleguminous green-manure crops. 


Yield per acre. 


Previous treatment. 


¢ Corn. Potatoes. Beets. 
4 Ais), ae SRE NEY vee eee 
3 Bushels. | Bushels. Tons. 
- Deeg eetine PlOTS- -... 2... ee eee 40.00 226 17.9 
_ Average on barley plots without nitrate of soda (4 plots)} 29.75 161 12:3 
=) Barley plot with 270 lbs. nitrate of soda............| 32.00 166 12:5 
Barley plot with 540 lbs. nitrate of soda............]. 42.00 204 55.7 
Barley plot with 810 lbs. nitrate of soda............ 34.00 IQI 16.0 
Barley plot with 1,080 lbs. nitrate of soda........... 41.00 218 eg 


_ On some of the legume plots, as on that on which Melilotus indica 
was turned under, the yields considerably exceeded any on the barley 

plus nitrate plots, the yield of corn being 46 bushels, potatoes 252 
bushels, and beets 19.8 tons. 
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CANADA, 


At both the Brandon and Indian Head experimental farms a series 
of rotations were commenced in 1898 in which a legume was turned 
under every third year. At the Brandon Farm the old series was 
abandoned in 1905 and a new one commenced, but at the Indian Head 
Farm the records are complete for ten years. While certain minor 
changes in the rotations were made toward the end of the series the 
main plan has been carefully carried out. The record from the 
Indian Head Farm is the more satisfactory, but in general the results 
at the two farms are in harmony.’ | 

At the Indian Head Farm 22 plots were laid out in 1899. Nos. 1 
to 5, inclusive, had grain in 1899 and 1900 and a legume turned under 
in 1901; Nos. 6 to 10, inclusive, had a legume in 1899 and grain in 
1900 and 1901; No. 11, rape in 1899, wheat in 1900, and fallow in 
1901; Nos. 12, 13, and 14, grain two years with fallow in 1901; Nos. 
15 and 16, continuous grain; Nos. 17 to 21, inclusive, grain in 1899, 
legume in 1900, and grain in 1901; while No. 22 was fallow in 1900 
and had grain in 1899 and 1901. There were thus three series of 
plots in which a legume to be turned under appeared every third year. 
The work on these plots ended with the crop of 1909. 

In Table 11 the yields of wheat for the last year in which this crop 
appeared have been given for the legume rotation plots, together with 
the yields on fallow and continuous rotation plots so far as possible. 
Since oats, barley, and rye were also raised, on some plots these crops 
occurred in the years in question and so all plots are not included in 
the table. The results shown indicate that even after three or four 
crops of legumes had been turned under in the course of ten years 
the average yield was not increased over that from fallowed land, 
though the increase over continuous grain growing was marked. 

In the report for the year ending March, 1910 (p..352), the average 
yields of grain for the 5-year period from 1905 to 1909 on the 
Brandon Farm are given. On these plots legumes had been turned 
under one or two years with grain (mostly wheat) for three or four 
years. The fallow plots had been in grain four years and fallow 
one. The average yield of wheat only on plots that had had two 
legume crops turned under was 33.4 bushels. The average yield on 
three plots fallow one year and in grain four years was 35.12 bushels, 
while the continuous grain plots produced an average of 29.13 bushels 


of wheat. It is clear that at Brandon and Indian Head for the time q 


5 Reports on this series are found in the following Experimental Farms 
Reports—1899, 1900, 1901, 1902, 1903, 1904, 1905, 1906, 1908, 1909, 1910, and I9QI2. 


ee, a a ea 
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during which this series of experiments was conducted, green manur- 
ing has shown no benefit over fallowing. An isolated test of sweet 
clover vs. fallow at the Brandon Farm (Report 1898, p. 274) showed 
that wheat: yielded better after fallow than after sweet clover, but 
better after sweet clover than after wheat stubble. 


TABLE 11.—Vields of wheat on the Indian Head, Sask., Farm in 1907, 1908, or 


1909, in 3-year rotations including one legume, in similar rotations 
including fallow, and on continuous grain plots. 


Yields of wheat, bushels per acre. 
Plot : pene ere et me 
No. Legume crops since 1898. 
1907. 1908. 1909. 
See eeerane Go! soybearis, If of alsike..4........... Siz 7, 
MEITEETOITONCAS vig ce re ee eee 55-93 
SSS 12.93 
Seema OR FEU CIOVED . we 23-30 
Beeecdne Ot dialia and alsike................. 12.40 
fiverage fot legume plots............... 16.55 
gen) vo tepunies, fallow three times.............. 23510 
Mem COw Means, TOL Peas... . 1... ee ele eee eee Sle 
MORI OF CALC. 0 cle eee eee ee 32.00 
SUR IE MOT GT Qlsice ee le ew eee 30.60 
MM MERTOG ECCCCIOVED «0 ce. ee i ee ele een eee 29.83 
Meeeeermaromataliaand alsike ..... 0... kel e ewe ee 20.07 
Pera GmeeMMe PlOtS. . 24.6. ce ee le eee eee 2107 
PemmieerOrms faNlOw PlOlS. . .). ... cee ele ee es 2202 
Piverace Of 2 continuous grain plots......|......:... 14.18 
INE CO a ee ce let ee ee bbe eee ees 12327 
INE ACEP ee. wank ie ee ee ele ele a slo e le peewee 14.40 
menmMerG@meoy heals, 1 OL alsike. . 2.22... sc ele ce ele ele eee ee T3353 
PIRMEMESIONPEROUCIOMEE 8 fk in. ka ce et lee de ele eee eee ESe73 
enmmmtinuoutidira and alsike ).. 2... ie le ee lee ee ee 16.73 
Deere em MING PIOtS: 6. fo. ke abet sew cele cee cae 14.53 
Iz | No legumes—2 crops rape, timothy in 1905, 
fallowoia bo01, 1904, and 1007, wheat in 1908)...........|......... ES 39 
Pee anamit fO01.. 1004, 1007, wheat in 1908.....|.........)....-.56: 14.53 
I5 I MRAMRIE CERT AMEE EE Pe om. ah hits a a aden de lca ays 8 owl fe be eee 8.47 


COLORADO. 


Potatoes on alfalfa sod yielded from two to five times as much 
as on land that had been manured two years before and had raised 


one crop of grain and one of corn (Bul. 57). 


of potatoes on alfalfa land is also reported in Bulletin No. 117. 


KANSAS. 


A gain in the yield 


In 1891 an extensive series of rotation experiments was planned 


(Bul. 20). 


Reports of yields from these plots were made in 1892 


(Bul. 33) and in 1894 (Bul. 47), but no conclusions can be drawn 
from them. The last reference found to this series is in Bulletin 128 
(1904), but nothing of importance is added to the previous informa- 
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tion. It is to be regretted that a series so carefully planned was not 
carried out to its conclusion, as valuable data might have been 
obtained. 

In Bulletin 144 (1907) records are given from a 2-year rotation 
experiment in which wheat followed various crops. The average 
_ yield of wheat after wheat on all plots during 1905 and 1906 was 
31.9 bushels; wheat after soybeans, 28.8 bushels; and wheat after 
millet, 33.0 bushels. Soybeans was the only leguminous crop used. 
All crops were harvested. The average yields of corn for the three 
years from 1904 to 1906 on a few representative plots selected from 
the entire record (Bul. 147) were as follows: 


Aten iOats: Sy fais bon Now i Siok vues de aoe es ee ee 51.49 busliels. 
Vai a CEP Guam Re ee LAPS SE mht eS 53.12 busheis. 
Putters maihlets Wels. am alot. tas Orava ra eee orem toro ee eee eee eee 57.21 bushels. 
After corm £0), 03 Re er oN aa pean SASS So 53.70 bushels. 
iter corn and cowped catch Crop 6. 4.cnee eee 54.30 bushels. 
AtTter (‘corn and ‘rye: catch crop ..4. ic ees cee ae 54.20 bushels. 
PRECETs CSOVISCATES, bial ges Lek /ateie ele 's'a tales Ole allele aie ee a 67.50 bushels. 
ASHtOr cpPOLatOeS m. vetan ae aualh sla Se alae en ee 4 hee 69.96 bushels. 


While these rotations have not run long enough to warrant the 
conclusion that cowpeas as a catch crop have no special value, the 
authors do conclude that ‘“‘the second largest average yield of corn, 
67.50 bushels per acre, was produced after soybeans, and offers a 
good illustration of the value of legume crops for increasing the avail- 
able nitrogen in the soil, preparatory to growing large crops of corn 
or other heavy nitrogen feeding crops.” They appear to overlook 
the fact that the yield after potatoes was larger than that after soy- 
beans and that when a legume (cowpea) was used as a catch crop 
the yield of corn was not materially increased in the time of the 
experiment. It may be noted here that in Bulletin 100 (1901) the 
statement is made that “the yields of crops of all kinds is increased 
where they follow soybeans, wheat showing in large fields an increase 
of 5 bushels per acre when following soybeans over that grown 
on adjoining land that had not been in beans. This increase is shown 
where soybeans bearing no tubercles have been grown.” No experi- 
mental data for this statement are offered. 

In Bulletin 160 (1909) 5-year averages of corn and wheat follow- 
ing one year of cowpeas or soybeans are given. Wheat averaged less 
after the legume, which is said to have been due to lodging as a 
result of rank growth. Corn yields were higher after legumes, 66.53 
bushels, as compared with 52.30 bushels for continuous culture. 
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In 1906 it was found (Bul. 175, 1911) that wheat following cowpeas 
on newly broken sod gave larger yields than when following corn or 
small grain. The yields after fallow on this newly broken sod were 
about the same as after cowpeas. 

W. E. Watkins in the annual report of the Allen County Farm 
Bureau for 1915 has presented the records for a number of I-year 
experiments on the value of sweet clover and cowpeas to precede corn 
and wheat. The various records have been condensed in Table 12. 


TABLE 12.—Vields of wheat and corn after one year of sweet clover or cowpeas, 
as compared with yields from nonlegume plots. 


Yield in bushels per acre. 


Crop | 2 ES eA Mg oe eG 
After | After 
sweet clover. Check. cowpeas. | Check. | 
eG Sn a a 16.0 9.0 = | = 
0 sees a 54.0 42.4 62.5 21.0 
= ALA Ups SES ee 35.0 25.0 46.6 26.8 
Hae Cr ere diane wos see — ——s | 40.0 30.0 
NEBRASKA. 


A rotation and green-manure experiment was carried on from 1907 
to 1914 in which oats and other grains followed various crops (Bul. 
155). The green-manure crops, field peas and rye, were plowed 
under when in bloom and were followed by oats only. The average 
yields over the eight years show that while on spring-plowed land 
oats after oats yielded 16.3 bushels per acre, after*rye plowed under 
they yielded 21.7 bushels per acre and after peas plowed under, 22.2 
bushels. After corn and after spring wheat the yields were 19.6 and 
19.4 bushels respectively, while on summer-tilled land 27.4 bushels 
were produced. While the use of green-manure crops returned a 
larger yield than continuous grain culture the yields were smaller 
than on fallow land, and the legume green-manure crop was prac- 
tically no better than rye. The authors add that the additional ex- 
pense of the green-manure crop made its use unprofitable. In the 
Annual Report of the Nebraska Corn Improvers’ Association, 1912, 
pages 73-75, a member records an observation showing that under 
certain conditions the plowing under of alfalfa may have a bad effect 
on the succeeding crop. Corn failed to produce ears while on ad- 
joining land on which a legume never had been grown a crop of 40 
bushels per acre was harvested. 
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NORTH DAKOTA. 


In 1892 an extensive rotation experiment was planned and out- 
lined in Bulletin 10. The land had been uniformly cropped from 
1883 to 1891. The author, W. M. Hays, says that “this piece of 
land is as nearly uniform, so far as the eye can judge, as any 40 acres 
of land I ever saw.” Partial reports on this work may be found in 
Bulletins 11, 23, 39, and 48, and a complete record of yields is pub- 
lished in Bulletin 100, on which the following discussion is based. It 
was inevitable that all plots should not be in wheat each year and so 
comparisons can be made only for certain years and between certain 
plots. 

Plot 19 was continuously in wheat for eight years, from 1892 to 
1899, inclusive, but 2 to 3 pounds of red clover seed was sown with the 
grain, the clover being turned under for the next crop of wheat. 
Plots 14, 24, and 25 were the nearest continuous wheat plots without 
clover. The average annual yield was nearly 2 bushels higher on 
plot 19 than that from plots 14, 24, and 25. In a letter Professor 
Shepperd has also pointed out that in the eight years “there have 
been on plots 14, 24, and 25, three crops larger and twenty smaller 
than those on plot 19.” The yield on plot 19 was also from 2 to 4 
bushels more than that obtained from plots 21, 22, and 23, on which 
other small grain alternated with wheat. 

On plots 7 and 8 field peas were grown one year in four; the peas 
were cut on plot 7 and turned under on plot 8 On page 35 the 
authors analyzed the results from these plots, comparing the yields 
with those on continuous wheat plot 2, to show that a gain of more 
that 2 bushels to the acre must be attributed to green manuring, this 
being the difference between the yields of wheat on plots 7 and 8 in 
favor of the plot on which peas had been turned under. 

If the turning under of a leguminous green-manure crop under the 
conditions of this experiment was markedly beneficial it might be 
expected that the effect would be cumulative and that the later years 


of a rotation would show much better yields on such plots than on 


others not having received a leguminous green-manure crop. It will 
be interesting in this connection to compare the yields from plots 4, 7, 
8, 9, II, and 12, all of which were carried through the four courses. 
These yields are given in Table 13. | 

It appears from this table that the average yield for the 16 years 
was smaller on the plot on which peas were grown or were turned 
under than on those on which millet or rape were grown. Further, 
during the last of the four courses the yield from the plots on which 
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peas were grown and turned under was less than that on which millet 
was grown and removed and no more than that on which rape was 
grown. During 1906, the sixteenth year of this experiment, and after 
four crops of peas had been turned under on plot 8, the yield was 3.4 
bushels less than on the adjoining plot 9, from which a crop of millet 
had been removed every time a crop of peas was plowed under on 
plot 7. In considering the value of a legume under the conditions of 
the experiment the above facts must be borne in mind as well as the 
fact that the yields of wheat were larger when the peas were turned 
under than when they were removed. 


TABLE 13.-—Average yields of wheat in bushels per acre in each of four courses 
of various rotations at the North Dakota station. 


q rst course, | 2d course, | 3d course, | 4th course, 
Cropping. 1892-95. 1896-99. 1900-03. | 1904-06. | Average. 

Fallow one year, wheat 3 years. . 19.68 25.18 26.92 | Li i OTe 72 
Peas I year, cut, wheat 3 years. . 20.30 21.78 16.58 10.90 7.30 
Peas I year, turned under, wheat | 

3 MBPS. ahh Cee ae eee Oe 18.35 20.26 22.09 12.82 18.34 
Millet 1 year, cut, wheat 3 years. 19.98 2352 21.84 14.55 19.97 
Millet I year, turned under, 

Metieatet Yeats: 2.5... 20.11 21.86 24.03 16.07 20.27 
Rape I year, wheat 3 years..... 23-05 22.1% 19.78 E2335 19.55 


Green-manure tests have been conducted at the Edgeley, Dickinson, 
and Williston substations from 1907 to 1914, wheat and oats being 
grown in 4-year rotation of grain, corn, grain, green manure (Bul. 
™10). In another rotation fallow was substituted for the green 
manure. Spring and winter rye, peas, and sweet clover were used as 
green-manure crops expect that at Williston no sweet clover was 
used. The table of yields (p. 187) shows that no effect was ap- 
parently produced by plowing under green manures; this is also the 
conclusion expressed by the authors (p. 186). Wheat returned larger 
yields after rye turned under than after peas turned under (Third 
Annual Report, Dickinson Sub-experiment Station, 1910) and the 
following year oats on the same land also yielded better on the rye 
plot than on the pea plot. 

At the Edgeley substation wheat was grown for six years following 
various crops; the average yields for the period are given in the Tenth 
Annual Report of the Edgeley Sub-experiment Station, 1912. The 
highest wheat yields followed corn and fallow, while the yield after 


| peas and rye had been turned under was about 2 bushels less. 
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SOUTH DAKOTA. 


Twenty-two different rotations were started in 1897 and these are 
reported in Bulletin 79, where detailed analyses of results will be 
found. The author concludes that the best average yields of wheat 
have followed corn, roots, and fallow; that following peas and vetch 
the yields have been slightly under the general average and that the 
lowest yields followed oats or continuous wheat. In a discussion of 
each rotation the author maintains, however (page 31), that turning 
under peas has been beneficial, but the argument seems forced, and the 
author himself has doubts in regard to the validity of the evidence 
(p. 32). 

The same rotations are discussed in Bulletin 98, in which the crops 
harvested during eight years are considered. The author’s conclu- 
sions may be quoted in part: | | 

The best average yields of wheat have been obtained in those rotations where 
that crop follows either corn or potatoes. Following these crops in the order 


of their merit as a preparation for the growth of wheat comes summer fallow, 
millet, vetch, peas, wheat and oats. 


Plowing under peas for green manure has not as yet shown any benefits over 
a summer fallow. ( 


At the end of eight years land that has grown wheat and corn alternately is 
producing better crops of wheat, of both straw and grain, than is similar land 
upon which wheat has been alternated with vetch and with summer fallow. 

A number of varieties of barley were grown in I9IO on corn 
and on turned alfalfa sod (Bul. 124). The average yield was less 
than a half bushel more on the alfalfa sod than on the corn land. 


WYOMING. 


Land that had been five years in alfalfa was broken up and wheat, 
oats, and potatoes were planted on this and on adjoining land that had 
been tilled. Half of each plot of wheat, oats, and potatoes in 1899 
was on old alfalfa and half on tilled land. The yields were in each 
case much better on the alfalfa sod; this was especially the case with 
oats, the yield of which was three times as large on the alfalfa sod 
as on the tilled land (Bul. No. 44). 


SUMMARY. 


In this section various legumes as well as rye and millet have been 
tried as green manure, and wheat and corn have been the chief 
indicator crops. 

With the exception of the experiments reported from California 


PIETERS: GREEN MANURING., 17 I 


the record shows little, if any, benefit from turning under green- 
manure crops. ‘There are isolated cases of increased crops, as in 
Kansas after sweet clover and cowpeas, but the extensive tests at 
Brandon and Indian Head in Canada, in North and South Dakota, 
and in part in Kansas and Nebraska show as good or better yields 
after fallow as after a green crop turned under. This is true not only 
of the grain immediately following the green manure, but is generally 
true for the entire period of the test, which in some cases continued 
for ten years. Besides fallow, a hoed crop appeared to be a better 
preparation for grain than the turning under of a green crop or the 
stubble of a legume crop. The growing of clover and timothy for 
two years gave positive results in Kansas, the grain crop being ma- 
terially increased, especially in the later years of the rotation. 

In many cases rye and millet turned under gave as good results 
as the turning under of field peas. The turning under of an alfalfa 
sod was generally followed by larger crops than were taken from 
adjacent land on which alfalfa had not been grown, 

In California the turning under of green crops in spring resulted 
in better grain yields the following winter than were taken from 
fallowed land. In this case, however, there was really a summer 
fallow succeeding the turning under of the green manure. Here, too, 
tye gave better results than the legume. 

Under irrigation in southern California the legumes appear to have 
fully filled the place of nitrogen gatherers generally assigned them, 
since the yields following legumes were larger than those after barley, 
even when reinforced with considerable applications of nitrates. 


ADDENDA. 


In part I of this article, add the following under the heading 
“North Carolina” on page 72: 

In a test conducted at the Tarboro test farm in 1901 it was found 
that the yields of corn following soy beans and velvet beans turned 
under was greater than where commercial nitrogen had been added. 
The yield after velvet beans was particularly good. (Board of Agri- 
meultire, vol. 23, no. I, p. 23.) 


| GENERAL SUMMARY. 

While most of the experimental work in the South and Atlantic 
Coast sections is open to serious objection when critically considered, 
a body of evidence remains, cumulative in its effect, to show that 
leguminous green-manure crops increase the yields of following crops 
under the conditions prevailing in those sections. There is no ade- 
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quate evidence to show whether or not this result would also be 
obtained by the use of nonleguminous green-manure crops. The 
results at the Rhode Island station point at least to the possibility 
that under some conditions the roots of a grass sod may be quite as 
efficient as a legume. Some of the Michigan and Minnesota work 
might be interpreted in the same way, though there is little evidence to 
this effect at present. At the Maryland station better yields were 
produced after rye than after crimson clover. 

In a general way, it has been shown that care must be exercised in 
the turning under of the green-manure crop to avoid injury, but the 
relation between different methods of treatment and the various fol- 
lowing crops remains to be studied further. 

While it has been shown that there is a marked residual value to a 
green-manure crop, the value of this has not been worked out. In 
fact, the subject has been touched on at but one station and that in- 
adequately. This residual value of various green-manure crops for 
the different succeeding crops in the rotation is a promising field, 
awaiting agronomic research. 

In the north there is convincing evidence of the value of red clover 
as a green-manure crop under the conditions prevailing in the Prov- 
inces of Ontario and Nova Scotia. The fact that there is a pro- 
nounced residual value has also been brought out. Farther west in 
our Ohio and Mississippi valleys evidence of the value of green 
manure crops is mostly wanting. Contrary to the Canadian results, 
there is even some evidence against concluding that it has value and 
much of the work is unsatisfactory. As a rotation crop, clover has 
been shown to be beneficial, but there is need for more exact work to 
show, if possible, how much of this benefit is due to the clover as a 
legume and how much must be ascribed to the growing of crops in a 
rotation. The question is not one of the benefit to be derived from 
a rotation; that is well established. The important matter is whether 
a legume in such a rotation gives better results than would be obtained 
from growing a crop of similar habit but a nonlegume, as timothy. 
On this phase of the question the record throws no light. 

While in Illinois part of the evidence is negative, this becomes 
even more the case in the Northwest, where there is no adequate evi- 
dence to show that a leguminous crop is better than a nonlegume as 
green manure, nor even that turning under a green-manure crop 
results in better yields than summer fallow. It does not appear that 
any serious effort has been made to determine whether this result is 
due to the possible fact that the soils of our west and northwest 
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st m contain a sufficient supply of humus, or to the different moisture 
conditions prevailing. 

- It is a fact of some interest to observe that, excluding the region 
- west of the Rocky Mountains, the value of a legume as green manure, 
as shown by the published work of the American experiment stations, 
decreases roughly fronr southeast to northwest. There can be no 
doubt of the value of cowpeas and similar crops in the South, nor of 
—erimson and red clover in the East and Northeast, but this feeling 
of assurance is changed to one of uncertainty as the records from the 
Ohio and Mississippi valleys are studied and finally to the conviction 
that in the Dakotas and in the Canadian Northwest the conditions do 
_ not warrant the use of a leguminous green-manure crop. 


TABULAR SUMMARY OF LITERATURE. 


Table 14 contains a summary of the references to station bulletins, 

circulars, and annual reports in which the effect of the preceding crop 

on the growth or yield of succeeding crops is reported. References 

to the effect of green manures on certain minor crops are given in a 
footnote to the table. 
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ARKANSAS, 
Bennett, R. L. 

1891. Some cotton experiments at Newport. Bul. 18. 

Newmay, C. L. . 

1891. Sorghum and sugar-cane culture; sirup and sugar making on small 
farms; some field experiments with cantaloupes and corn. Bul. 22. 

ecesr, R. L., and Irsy, G. B. 

1803. aber crops for overflow lands; Corn: varieties for all sections of 
the state; Corn culture; Rotation of crops; Cotton: Egyptian 
varieties; Cotton culture; Stack frame for curing and storing 
cowpea hay; Cowpea hay; Forage plants; Oats for hay. Bul. 27. 
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Method of making capsules to prevent cross pollination: (1) Equipment 
for punching holes in capsule; (2) rolling gummed strip to form tube; (3) 
dipping the capsule in the wax bath; (4) completed capsule tied to bamboo 
stick, and lath to which stick is fastened. 
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WALLER AND THATCHER: PREVENTING ACCESS OF POLLEN. IQI 


IMPROVED TECHNIQUE IN PREVENTING ACCESS OF STRAY 
POLLEN.’ 


ADOLPH WALLER AND L. E. THATCHER. 


PrevioUS RESEARCH. 


The difficulties that have vexed the plant breeder trying to protect 
a pedigreed culture from stray pollen are as old, one might well say, 
as the recognition of the significance of pollen itself by Camerarius 
in 1694. Darwin wrote about his fears that small insects might get 
through the nets he was using to protect his flowers. Recently Pearl 
and Surface? built cages around bean plants to protect them from 
bumble bees carrying pollen, while Shaw,’ on the other hand, made 
use of thrips (Thysanoptera sp.) to insure cross pollination. It 
would be a difficult and profitless task to assemble the references con- 
cerning means of guarding against adventitious pollen, for although 
everyone is aware of the possibility of its access it is only rarely that 
one finds mention of measures taken to prevent chance crossing. In- 
formation on methods of pollination is scarce also, though papers on 
corn by Collins* and Gernert® were published several years ago. If 
descriptions of all the time-saving methods in pollination and all the 
devices used to protect the elite plants could be gathered so as to be 
accessible it would make interesting and instructive reading It is to 
be hoped that the files of the JouURNAL OF THE AMERICAN SOCIETY OF 
AGRONOMY will become the disseminator of as much of this informa- 
tion as is related to our important crop plants. 

In Hillman’s® excellent compilation of the nature and scope of the 
plant-breeding work in Germany, photographs are given of a number 
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of different methods employed to prevent promiscuous cross-pollina- 
tion in many kinds of plants. Muslin cages surrounding plots, caps 
and bags covering individual plants, and glass tubes placed over the 
heads of selected wheat plants are some of the devices pictured. It 
was the illustration showing the glass tubes that suggested another 
means of preventing accidental crossing in the small grains. The 
waxed paper capsule was chosen not as a mere substitute but as an 
improvement upon the tubes destined for wider uses than with the 
small grains only. 


MATERIALS AND METHODS. 


During the spring and summer of 1916, the writers used the method 
described below with such success that they feel warranted in offer- 
ing it at this time to others in crop improvement work, although 
slight refinements and changes may be made during the next few years. 
Since these are no more than anyone employed in similar investiga- 
tions is likely to try out for himself, little hesitancy is felt in narrating 
what has been learned to date. It is sincerely hoped that other ex- 
perimenters will give the suggestion contained here a thorough trial, 
returning such criticism and observations as are derived from their 
results. 

The ideal device for protecting the floral organs or an inflorescence 
from adventitious pollen would have the following qualifications: 
It must effectually exclude stray pollen; the size and shape must be 
readily adaptable to a variety of growth habits of different plants; 
it.must be sufficiently substantial to withstand the destructive action 
of the weather, during at least the blooming and often during the 
ripening period of the plant; to permit the escape of excess moisture 
from within, it must be freely ventilated; it must be impervious to 
water from the outside; it should guard against accumulation of heat 
from the sun’s rays; the least possible weight is a desideratum, but in 
addition an easy means of fastening the protective device to a support 
ought to be at hand; it should be convenient, so that without loss of 
time it may be applied or removed. In short, while affording pro- 
tection, it should offer as little interference as possible to the normal 
plant processes. Along with all the desirable features, it must be 
inexpensive. 

The tube or capsule which has been found to fill most nearly these 
specifications is a simple affair made from white ledger paper of 
fairly firm texture, sheets 17 by 22 inches in size and running 28 sheets 
to the pound. No elaborate equipment or special skill is required 
for its manufacture. The size which can be used successfully on the 
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small grains is made by cutting the paper into strips 12 by 30 centi- 
meters. These are then placed several sheets thick on a block of soft 
wood standing with the grain end up. A row of holes 7 millimeters 
in diameter and 2 centimeters apart is punched across the sheets 4 
centimeters from one end by means of an ordinary leather punch, 
as shown in Plate 3, fig. 1. A strip 15 mm. wide along one side of a 
- sheet is then gummed and the paper rolled on a cylinder of wood about 
35 millimeters in diameter. This forms a paper tube, such as 1s 
- shown in Plate 3, fig. 2. The tube is then slipped along the wood 
form, punched end first, until about 1 centimeter extends beyond the 

form. The edge is then crimped over, the end gummed, and a disk 
of gummed paper slightly larger than the tube is applied, forming a 

cap. Having made sure that the adhesion is perfect, the form 1s 
_ withdrawn. The capsule is then ready to receive the bath of wax 
_ made as described below. The wax is most conveniently handled in 
_ a tall glass cylinder the diameter of which is only slightly larger than 
) the paper capsule, as shown in Plate 3, fig. 3. It may be kept in 
: liquid form by immersing the cylinder in a water bath. The capsule 
; is dipped about half its length, withdrawn rata pevensett and when 
_ cool, dipped the rest of the way. 

Strong wrapping twine that has been waxed in the same mixture is 
cut into convenient lengths, about 50 cm., and one of these lengths 
_ is tied about 6 cm. from each end of the capsule. These weather- 
proofed strings serve to fasten the capsule securely to its support. A 
loose wad of absorbent cotton is pushed up into the capsule until just 
below the ventilating holes, making the capsule ready for use in the 
e teld. 
) The support for the capsule is best made as follows: An ordinary 
plastering lath is sharpened at one end.. To the other end a piece 
of slender bamboo not over I centimeter in diameter at the base is 
_ fastened with small staples. The support is driven firmly into the 
_ ground by pounding on the end of the lath to which the bamboo is 
fastened. The flat lath gives added stability, as it is not likely to be 
_ twisted and lifted by the wind as would be the case with a more 
nearly round or square support. It is firm but flexible and not easily 
_ broken or loosened by storms. The length of the support will of 
necessity be adjusted to the height of the plant. It is well to have 
_ the bamboo somewhat taller than the stem of the plant at the time of 
encapsuling- to allow for some elongation up to the time of ripening. 
The mounted capsule is shown in Plate 3, fig. 4. 

Having prepared the inflorescence, a capsule should be slipped 
over it and tied to the support. A loose plug of cotton is carefully 
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‘inserted in the lower end to exclude pollen that might be blown up 
into the capsule or brought in ‘by insects. In tying the capsule to the 
support, the twine should be wrapped around the bamboo stick at 
least twice to prevent slipping and tied in a bow knot. The proper 
tag or label can be inclosed within the capsule. Usually it is advisable 
to fasten the stem or branch to the support in two places by means 
of a waxed cord tied rather loosely. It is an easy matter to remove 
the capsule at any time for examination or for any plant-breeding 
operation. After fertilization has taken place and stray pollen is no 
longer dangerous, the cotton plugs may be removed. The capsule 
then affords excellent protection against damage by birds, storms, etc., 
and is conspicuous enough to be found easily in the field at any time. 
Grain which has ripened in these capsules is of prime quality. 

The most satisfactory preparation for waxing the capsules is com- 
posed of the following: 


Pure, white ‘heeswaxc's nat eo hae eee 800 grams. 
Stearic acid was cee ues aia ack SG) le on eae 200 grams. 


This wax gives body to the capsule, making it quite firm and resilient, 
yet is not softened materially by the heat of the sun, as its melting 
point is 67° C. Paraffin with a melting point of 57° C. has not given 
good results. 

The capsules have been used with much satisfaction in selfing wheat 
(in which, in the authors’ opinion, more crossing normally takes 
place than is generally supposed), rye, timothy, orchard grass, meadow 
foxtail, and Italian rye grass, and in hybridizing wheat, oats, barley, 
alfalfa, and soybeans. ‘The usefulness of the capsules is not limited 
to the plants mentioned in the present discussion. A change in the 
size and shape of the forms upon which the tubes are rolled and in 
the means of supporting the capsules in position will easily adapt them 
for use on shrubs and small trees as well as on a wide range of 
herbaceous plants. 

It sometimes becomes necessary to replace the cotton in the capsules 
after a hard rain, as water may gain access through the ventilating 
holes and force them out. A method of construction to overcome this 
is now under consideration. 


SUM MARY. 


The advantages of these reinforced capsules over other devices for 
guarding against undesirable cross pollination may be summarized 
as follows: 
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Glass tubes of the same general form as the capsules herein de- 
scribed are heavy, costly, fragile, and collect moisture on the inside 
which will frequently spoil the pollen and prevent fertilization or 
favor later the growth of molds. When exposed to the direct rays 
of the sun, the temperature within the glass tubes becomes danger- 
ously high. ‘The translucent paper capsules hinder but little the con- 
tinuance of the normal plant processes and are cheap, light, and 
durable. 

Paper bags, wisps of cotton, and tissue paper coverings are not 
substantial. After the slightest precipitation or even after heavy dews 
they are likely to be soggy and require replacement. 

No other methods known to the writers will protect against the 
pollen thrips or other small insects that sometimes render pedigreed 
cultures worthless. At the same time some of the moisture given off 
from the enclosed portion of the plant is absorbed by the cotton. 
The isolation of the inflorescences in the paper capsules obviates 
the necessity of scattering plats of cultures in places that are fre- 
quently unfavorable for the growth of plants and are also incon- 
venient to visit and care for. The capsule likewise makes possible 
the isolation of flowers borne on shrubs and trees that could not be 
separated a sufficient distance from each other to insure freedom 
from undesirable pollen. 

The large degree of protection which the capsule affords to the 
developing and ripened fruit is also a distinct advantage. 


Onto STATE UNIVERSITY, 
CoLuMBUS, OHIO. 
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AGRONOMIC AFFAIRS. 


NEW BOOKS. 


The Small Grains. By Marx ALFRED CARLETON, Cerealist, Bureau 
of Plant Industry, U. 5S. Department of Agriculture: The Mac- 
millan Company (New York), 1916. 8vo. Pages 699; figs. 183; 
bibliography of more than 500 titles. 


The material in this book, which is intended for collegiate use, is — 
presented under four main divisions:—I, Cereal Plants; II, Cereal 
Environment; III, Cereal Crops; and IV, Buckwheat and Rice. 

The book opens with a discussion of the form and structure of the 
small grains, with original figures showing the anatomical structure of 
the wheat seed, culm, and leaf blade. <A discussion of plant growth 
and nutrition follows. The author says that a study of these chapters 
may be omitted by those students who have had good training in 
plant physiology. 

The origin, classification, varieties, and regional adaptation of wheat 
are then taken up. A fairly complete list is given of important United 
States varieties of wheat, with an extensive list of world varieties. 
These are listed under the eight commonly recognized agronomic 
groups. ‘The United States and Canada are then subdivided into ten 
wheat districts and the important varieties for each district are given. 
Statements of the needs of these various districts as to improved 
sorts are of special value. A short discussion of the wheat distribu- 
tion in other countries includes a statement of the particular value of 
the varietal groups grown in these various regions. Oats, barley and 
rye are discussed:in essentially the same manner as has been outlined 
for wheat. 

Introduction, selection, and hybridization are discussed under the 
heading of “Improvement of the Small Grains.” <A description of 
the original introduction and subsequent improvement of many of our 
important cereal varieties is an interesting feature. Improvement by 
selection is presented under the headings of (1) sorting and roguing, 
(2) mass selection, and (3) pure line selection. The essential differ- 
ences and relative value of these three methods of work are discussed. 
A more detailed presentation of the use of the seed plat would add 
materially to this chapter. The selection of enough seed for a seed 
plat of 1 to 2 acres would be quite a task. The selection of a con- — 
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siderable number of typical heads at harvest would probably accom- 
plish the same result. Neither does there seem to be any particular 
value in the plan of growing enough seed in the special seed plat for 
the entire acreage. 

The two methods of pure-line selection given by the author are the 
centgener and row plans. ‘These methods as now practiced differ 
only in the minor particular of shape of plot. A description of the 
rod-row method now so widely used in preliminary breeding and 
varietal tests would be of value. 

Under “ Hybridization” the author describes the application of 
Mendel’s law to inheritance and subsequent improvement in small 
grains. ‘The behavior of the first, second, and third generations of a 
cross is given when the parents differ by a single contrasted character. 
The author says, “ When the parents differ in two or more characters 
there is effected a recombination of characters of much value in breed- 
ing.” An illustration of the behavior of crosses differing in two or 
more characters would make the matter much clearer. A brief de- 
scription of the general class of results obtained in crosses between 
types which differ in important quantitative characters as height of 
culm, size of seed, and yield would be of interest even though these 
characters do not give as clear-cut segregation as is often obtained for 
qualitative characters. 

The author describes a considerable number of valuable economic 
varieties which have been produced by the hybridization method. 

Part II discusses cereal environment under the headings, Soil Rela- 
tions, Climatic Relations, and Cereal Adaptation and Association. 
The important cereal regions of Europe and Asia are considered from 
the standpoint of the nature of the soil. This is followed by a similar 
presentation of the soil of American cereal growing regions. This 
presentation considers mechanical and chemical constituents of the 
soil of the cereal regions, particular attention being paid to a discus- 
sion of moisture relations and alkali resistance. 

A summarized statement is given of the general climatic features 
common to all cereal-growing regions, followed by a more detailed 


discussion of the differences between the different important areas. 


x 
y 


Especial emphasis is placed upon moisture, sunlight, and temperature. 
Under “ Adaptation” the important natural cereal regions of the 
world and the main groups specially adapted to these regions are 


discussed. Acclimatization, change of seed, and effects of environ- 


ment are presented under the heading of “ Environment.” <A discus- 
sion of the cereal crops from the ecological standpoint is given under 
the heading of The Cereal Plant Community. 
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Instead of discussing methods of culture and handling of the crops 
in connection with the initial treatment of each crop, the author deals 
with this question for all crops in a separate section of his book. 
This would seem to be a commendable departure. As there are few 
cultural details which apply exclusively to any one of the small grain 
crops, much repetition is avoided by this method of treatment. This 
discussion appears in Part III of the book. The subject matter is 
presented under the headings, “Soil Treatment,” “Growing the 
Crops,” and “ Gathering the Crop.” Very full discussion is given and 
experimental results are generously quoted. 

The greater portion of the discussion on uses of cereals naturally 
is devoted to wheat flour. This discussion includes a very good de- 
scription of the milling process, and a sketch showing the various 
steps in the process is presented. Grades of flour are described with 
reference both to the step in the milling process from which they are 
obtained and the kind of wheat used in their production. The edible 
pastes made from wheat are briefly discussed. The uses of cereals 
as grain and forage for live stock, and their uses in the preparation 
of breakfast foods and in malting and distilling are also dealt with. 

Under the heading, “ Cereals in Commerce,” the author discusses 
various phases of grain marketing. ‘The facilities for receiving the 
grain locally and at the terminal markets are described, with a dis- 
cussion of grain grading and inspection. <A detailed description of 
each of the market grades within each of the commercial classes of 
erain might well have been included. 

A few brief but pointed details regarding exchange operation are 
very appropriately given. The knowledge of such operations as 
hedging and selling for future delivery is not generally possessed hy 
those who are not large dealers in grain or who otherwise come into 
contact with the operations of the large grain exchanges. The lack 
of such knowledge is responsible for much unjustifiable suspicion of 
the operations of the organized grain trade. 

Buckwheat and rice are taken up separately as Part IV, as these 
crops are botanically different from the four important cereals previ- 
ously discussed. The same general plan of procedure is used as has 
been already outlined for wheat, barley, oats, and rye. 

The book is written in a very clear and interesting manner by a 
recognized authority in this particular field. It is not only suitable 
for instructional work in colleges but for the most part is presented 
so clearly that it deserves a place in every cereal farmer’s library. 


H. K. HaAyes, 
P. J.. Orson 
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MEMBERSHIP CHANGES. 


The membership of the Society as reported in the March issue was 
642. Since that time 22 new members have been added and I member 
has resigned, making a net gain of 21 and a total membership at this 
time of 663. The names and addresses of the new members, together 
with the name of the member resigned and such changes of address 
as have come to the notice of the Secretary, as are follows: 


New MEMBERS. 


Anperson, A. C., Forest Service, Ogden, Utah. 

Awnprews, Myron E., Warner Dist. Agr. School, Warner, Okla. 
Baker, O. E., Farm Management, U. S. Dept. Agr., Washington, D. C. 
Buecsy, M. O., Canfield, Ohio. 

Cocke, R. P., Williamsburg, Va. 

CrAMER, W. F., Station A, Ames, Iowa. 

dE Werrr, H. A., Agricultural Building, Urbana, III. 

DouGa.t, Rozert, Macdonald’ College, Quebec, Canada. 

Frank, W. L., 116 E. Eleventh Ave., Columbus, Ohio. 

Hatverson, W. V., Soils Office, Agr. Expt. Sta., Ames, Iowa. 

Hoke, Roy, 318 West St., Stillwater, Okla. 

Jackson, J. W., Substation No. 9, Pecos, Texas. 

‘KenwortuHy, Cuester, Warner Dist. Agr. School, Warner, Okla. 
Kitioucy, D. T., Substation No.5, Temple, Texas. 

Krart, J. H., State Teachers’ College, Greeley, Colo. 

LANGENBECK, Kart, 1625 Hobart St., N. W., Washington, D. C. 
merreer, C. R., San Antonio Expt. Farm, San Antonio, Tex. 

_ Mortimer, Grorce B., College of Agriculture, Madison, Wis. 

_ Nevry, L. B., 2828 Webster St., Berkeley, Cal. 

SmitTH, Howarp C., Bur. Soils, U. S. Dept. Agr., Washington, D. C. 
SoutHwortH, W., Manitoba Agr. College, Winnipeg, Man., Canada. 
Wirxins, F. S., Farm Crops Dept., Iowa State College, Ames, Iowa. 


MEMBER RESIGNED. 


Gro. W. GRAVES. 


CHANGES OF ADDRESS. 


Barttett, H. H., 335 Packard St., Ann Arbor, Mich. 

Buss, S. W., Agr. Expt. Sta., Wooster, Ohio. 

_ Branvon, Josepu F., Akron Field Station, Akron, Colo. 
Ciark, CuHAs. F., Box 747, Greeley, Colo. 

Craic, C. E., Otwell, Ind. 

Emerson, Paut, Maryland State College, College Park, Md. 
JeNnsEN, L. N., Box 1214, Amarillo, Tex. 

Lyness, W. E., Cheyenne Field Station, Archer, Wyo. 
Pripmore, J. C., 616 Rhodes Building, Atlanta, Ga. 
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NOTES AND NEWS. 


A. B. Beaumont, assistant professor of soil technology at Cornell 
University, has been appointed associate professor of agronomy and 
acting head of the agronomy department at the Massachusetts College, 


J. A. Foord, head of the division of agriculture at the Massachusetts 
College, is on a year’s leave of absence and is pursuing graduate study 
at Cornell University. 


Arthur Goss, for fourteen years director of the Purdue University 
station, has resigned to give his entire attention to his farming interests 
near Vincennes, Ind. 


The American Association of Agricultural College Editors will meet 
at Cornell University, June 28 and 29, 1917. 


The third Interstate Cereal Conference will be held in Kansas City, 
Mo., June 12-14, 1917, in cooperation with the Kansas Agricultural 
Experiment Station. Station and college workers, grain dealers, 
millers, and others interested in cereal production and utilization, par- . 
ticularly in Kansas, Missouri, and nearby states, are invited to 
attend. One of the principal topics for discussion will be the recently 
announced Federal grades for wheat. Particulars regarding the pro- 
gram may be obtained from the secretary, Chas. E. Chambliss, U. S. 
Department of Agriculture, Washington, D. C. 
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Fic. 1. Some of the variations in quantities of grain from ears of the same 
length. Ears 120 and 250 had the same circumference and the same number 
of rows, but. yielded 192 and 137 grams, respectively. Earsi3zgoeanaur7genaa 
the same circumference and same number of rows, but yielded 215 and 156 
grams. of grain, respectively. . The differences in weight are due largely to 
differences in depth of kernel. 


, BRAVA’ 


Fic. 2. Some of the extreme variations in quantity of grain from ear sections 
of the same length. 


JOURNAL 


. OF THE 


American Society, of Agronomy 


Vou. ye: May, athe No: 5; 


THE RELATION OF COB TO OTHER EAR CHARACTERS 
IN CORN.' 


A. E. GRANTHAM. 


INTRODUCTION. 


One of the objects of the corn breeder is to produce a type of ear 
that will carry the maximum quantity of grain. This has led to a 
critical examination of the physical characters of the ear, with the 
result that many varieties of corn have been improved to such an 
extent that they exceed the percentage of grain required by the 
standard, viz., 80 percent for the commercial grades. The increase 
in the yield of grain per ear has been accomplished largely by the 
selection of seed ears with well-filled butts and tips and with deeper 
kernels of a more desirable shape. The question then arises, “Is the 
cob, as the carrier of the grain, an important character to be con- 
sidered in relation to type of ear?” ‘To what extent the characters 
of the cob are correlated with those of the ear as a’whole has not 
been carefully determined. While some biometrical work has been 
done upon the corn plant, little attention has been given to the statis- 
tical relations of the characters that determine the grain weight of 
an ear. 

It is the object of this paper to present some of the correlations 
that exist between the cob and other ear characters. The cob itself 
has been largely overlooked from a mathematical standpoint in corn 
breeding. This paper attempts to answer some of the questions 
which may arise concerning the size, weight, and density of cob in 

1 Contribution from the Department of Agronomy, Delaware Agricultural 


Experiment Station. Presented at the ninth annual meeting of the American 
_ Society of Agronomy, November 13, 1916. 
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relation to yield of grain and to type of kernel, including depth, 
thickness, and weight. In other words, is the cob of an ear of corn 
correlated with other desirable characters to such an extent as to 
warrant careful examination of this part of the ear in selecting seed? 


METHODS. 


The work reported in this paper was conducted at the Delaware 
Agricultural Experiment Station from 1910 to 1915. ‘The data given 
were obtained in the progress of an investigation to determine the 
relation between the physical characters of ears to the vigor and yield 
of the plant. In order to get ears for seed that had a given char- 
acter well developed it was necessary to examine a large number of 
ears with respect to the number of rows of kernels, weight of ear, 
depth, thickness, and weight of kernels, and the yield of grain. 
Owing to the great irregularities and variations in the formation of 
the butts and tips of ears, it was necessary to take a section of definite 
length from each ear. This was done by cutting a section 12 
centimeters long from the middle portion of the ear, just far enough 
from the butt to eliminate all irregular kernels. Thus, all of the ears 
studied were constant with respect to length. By this means the 
relation of size, shape, and weight of kernel to the other characters 
could be established in a comparable manner. 

In these studies, data were taken from 3,500 ears. Each fall 
several hundred ears were brought to the heated laboratory where 
they remained for several weeks until both grain and cob had thor- 
oughly dried. Special attention was given to the dryness of the cob 
at time of cutting. Tests were made to determine the constancy of 
the dry weight. As the conformation of the ear is governed largely 
by the type and regularity of the kernel, care was taken to select for 
cutting and measurement only those ears which approached the cylin- 
drical in shape and carried straight rows of kernels. The Johnson 
County White was the variety studied, and it was not difficult to 
obtain ears of excellent type as to shape and straightness of row. No 
effort was made to select ears of a given type for cutting; on the 
contrary, as wide a variation of characters as possible was sought 
except in shape of ear and straightness of row. Sections were not 
made from ears under 8 inches in length, owing to the difficulty of 
obtaining a fully developed cutting. No limit was set upon the varia- 
tions of the other characters. Some of the extreme variations in cer- 
tain characters are shown in Plate 4. 
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The following data were recorded for each section: 


Weight of section. 
Number of rows. 
Circumference of ear. 
Thickness of kernel. 
Weight of shelled grain. 
Weight of cob. 
Circumference of cob. 
Depth of kernel. 
Weight of the individual kernel. 
Percentage of cob. 
Density of cob. 


The weights were recorded in grams and measurements of length 
and circumference in centimeters. The thickness of kernel was 
determined by counting the number of kernels (in situ) in 10 centi- 
meters. The average of three readings was taken. The depth of 
kernel was deduced from the difference in the diameters of cob and 
ear. The weight of the individual kernel is expressed by the number 


required to weigh 10 grams. The density of cob is given as a con- 


stant derived from the formula, Weight . While this does not 
Circumference? 


give the actual density, it furnishes a comparable expression. 


REVIEW OF LITERATURE. 


While some statistical work has been done upon correlations in 
corn, the greater part has dealt with the plant as a whole. Other 
workers have pointed out certain correlations, but the relationships 
have not been quantitatively determined. Very few statistical studies 
on the correlation of characters in ear corn have come to the attention 
of the writer. Apparently no biometrical studies have been made 


_ upon the cob in its relation to other characters of the ear. Mention 


will be made of the published work on this subject, not that it has 

direct bearing on the studies of the author but to indicate the manner 

of approach to the general subject of correlations in corn. 
Brigham (1896),? who made an extensive study of Longfellow 


flint corn, concluded that an increase in the weight of corn is accom- 


panied by an increase in the number of kernels, weight of cob, and 
weight of individual kernels. These correlations were not established 
by statistical methods. 

_ Davenport (1897) found a correlation coefficient of 0.87 + 0.005 


between weight of ears in ounces and length of ear in inches, in the 


2 References are to names and dates at the end of the paper. 
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Leaming variety of corn. He showed that there was a relationship 
between the circumference and length of ear in inches of 0.47 + 0.02. 

Thiel (1899) noted that the greater the diameter of the ear the 
larger the percentage of cob. 

DeVries (1901) found that the size of the kernel decreased as the 
number of rows per ear increased. 

Fruwirth (1904) has called attention to certain correlations he 
found in Szekler maize. He states that a larger yield of grain is 
accompanied by a larger number of kernels and by greater weight per 
individual kernel. It does not appear that these correlations were 
studied by statistical methods. 

Craig (1908) made a number of observations on the correlation 
of physical characters of the corn plant but did not calculate the 
variation constants from his data. This, together with the fact that 
he used only 50 to 100 individuals in each case, renders his results 
unsatisfactory so far as an exact degree of correlation is concerned. 

Ewing (1901) made biometrical studies on the relation of weight 
of grain to the diameter of the stalk, the length of leaf, the breadth 
of leaf, the height of the seedlings, the number of internodes, the 
length of ear at the appearance of silks, the date of the appearance 
of tassel, the date of appearance of pollen, date of appearance of 
silks, the duration of the flowering period, and the number of 
bratiches. iniethe »tassel- The highest correlation found was 
0.393 — 0.020, between the weight of grain and the diameter of 
the stalk. He holds that most of the correlations noted may be 
“classed as variations in the fluctuating variability of the characters 
concerned and on further consideration one would put most of them 
in the class of environmental correlations.” 


CORRELATIONS. 
I. CIRCUMFERENCE OF COB AND WEIGHT OF GRAIN. 


It is often held by corn breeders that large cobs should be avoided 
in selecting seed corn. However, it is obvious that a cob with large 
circumference will carry more grain than a small one, provided the — 
character of the kernel is the same in both cases. The practice of 
selecting seed ears with cobs of moderate size is probably due to the 
fact that large ears cure more slowly. 

In Table 1 are given the results obtained in studying the relation 
between the circumference of cob and yield of grain with 3,500 ears 
_of Johnson Co. White corn. The extremes of circumference range 
from 7 to 15 cm., with a mean of 10.5 cm.; of weight of grain, 105 — 
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to 285 grams, with a mean of 1096. 
positive correlation of .4148 between the circumference of the cob 
and the weight of grain, with a probable error of +-.0095. As was 
mentioned above, no ears under 8 inches in length were sectioned and 


It will be seen that there is a 


Tas_e 1.—Relation between weight of shelled grain per section in grams, sub- 


ject; and circumference of cob in centimeters, relative. 


eee oS Me Oe. we 8 
Pe eee ee a oe RM ee NON om 
eee Ge oC jm GO CG O G 8 © 8 9 9g 
»~ ~ — ~ Ps} » ao » »~ Se a a 7 o— aL 
I i A I i er - 
Pee eS YM ome oe ae ON ON 
I05—I10 2 
IIO-1II5 I 
II5—120 
120-125 Hr 3 I 
125-130 Bee oT 2 
130-135 I ane 
135-140 meee ae et sr I 
140-145 | I I a is: Oe? Sane Sale 
145-150 oe ory. 47?) 6 I 
I50-155 Op OO 1 So Cana aa By oT 
2. ©55—160 Cease te. 20. 55. 13° 7 3° 
@ 160-165 MmeametGr 92,16 9 6 4° 3. 1 
@ 165-170 a Sane JO. TOTO) 68) 2° r,t 
| oe 170-175 meas) 46. 20° 26° 13> 7 3 1 
® & 175-180 mero 30). G4) Ax 38 2313.2 1 
= —& 180-185 eee ost 455 S240) 28°17. 7 2 
& 185-190 ae 5s) 02) 30) 401.10) « § 1 
~ 190-195 peewee szo 5A 55. 68 40 26° 6.2 
& 195-200 Poeenoe7 | SO: 77) St OO: 18 1F -4 3 
B 200-205 ect Te TON AA, 935.19 03° I 2 
% 205-210 eA 56 00m 58) 43) 20. 12, 34. 
‘S 210-215 Petes. (AS. 52638208 Ere. 8: "x I 
= 215-220 ee an 2A) Ay AS. 3ST Rs 2-2. 3 
28 220-225 Peete TS 26 ‘26: 20 18.8 2 I 
225-230 BMS St 3Actga ar 14 6. “2 
: 230-235 Thos pale OY MPa Lie ka G7 / Wy Pere ae Meer 
; 235-240 Pees kT 66, OPEL Boy yee CB 
f 240-245 SE aie eo RD cc rages Rea ace 
245-250 Ae i a ee On a Ate Ore hye Tt 
250-255 ie Teo Big ek 2 
255-260 Teer) 4) yl Ride BA 2S AED I 
260-265 Tt Bet I 
265-270 ii 
270-275 2 
275-280 2 
280-285 -I 
eealeieroe 2 iO O5 355 577 072 668 513 331 161 72 21,8 3 2 


most shelled grain. 


Circumference of cob in centimeters. 


(r = .4118 + .00947.) 


Totals 


measured. There was no limit to the circumference of the ears 
selected. The data indicate that the ears with large cobs carry the 


The opinion that large cobs carry shallow 


_kernels resulting in a low yield per ear is not borne out by this study. 
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2. CIRCUMFERENCE OF COB AND WEIGHT OF KERNEL, 


In general, cobs of large circumference have a larger number of | 


rows of grain than those of small circumference. The larger the 
number of rows on an ear, the circumference being the same, the 
narrower are the kernels. Narrow kernels are likely to be relatively 


TABLE 2.—Correlation between weight of individual kernels (number in 10 
grams), subject; and circumference of cob in centimeters, relative. 
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lighter in weight than broad kernels. 
with a small number of rows is likely to have rather wide kernels. 
Table 2 shows that the correlation between the circumference of the 
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On the other hand, an ear 
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cob and the weight of the kernel is —.0185=+.0114, which is 
practically negligible in value. In this variety of corn the weight of 
the kernel does not seem related to the circumference of the cob. 
The undersized kernels which are often seen on ears of small diam- 
eter are probably offset in weight by the longer kernels which are 
common in ears of large diameter. The density of cobs and kernels 
respectively is also a factor that affects the relation. It is interesting 
to note that the coefficient of variability is high for both characters, 
being 19.97 for the circumference of the cobs and 16.18 for the 
weight of the kernel. 


3. CIRCUMFERENCE OF COB AND DEPTH OF KERNEL. 


It is commonly supposed that ears with cobs of large circumference 
have shallow kernels. Table 3 shows that the coefficient of correla- 


TABLE 3.—Correlation between depth of kernel in centimeters, subject; and cir- 
cumference of cob in centimeters, relative. (r=—.1789 + .O1104.) 


Circumference of cob in centimeters. 
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tion between the circumference of cob and the depth of kernel is 
— .1789 + .0710, indicating that there is a moderate tendency for 
large cobs to carry shallow kernels. The extremes of depth of kernel 
range from 0.7 to 1.9 cm. with a mean of 1.2 cm. The coefficient 
of variability in kernels is 10.78, much less than that for circumfer- 
ence of cob. 


4. CIRCUMFERENCE OF COB AND THICKNESS OF KERNEL. 


An examination of Table 4 shows that there is a slight negative 
correlation between the circumference of the cob and the thickness 
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of kernel. The correlation factor is —.1053-+.0113. This indi- 
cates that the smaller cobs are more likely to have thick kernels. 
The extremes of thickness of kernel range from 18 to 32 kernels to 
cover 19 cm., with a coefficient of variability of 8.11. The coefficient 
of variability is less for thickness of kernel than for any other char- 
acter studied. 


TABLE 4.—Correlation between thickness of kernel (number in 10 centimeters), 
subject; and circumference of cob in centimeters, relative. 
(7 = —.1053 + .O1127.) 


Circumference of cob in centimeters. 
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5. WEIGHT OF COB AND WEIGHT OF GRAIN. 


Table 5 shows the relation between the weight of cob and the 
weight of grain. The extremes for weight of cob range from 15 to 
75 grams; for weight of grain, 105 to 285 grams. The correlation 
factor is .3064 + .0103, indicating a fairly close relationship between 
these two characters. A comparison with Table 1 shows a stronger 
correlation between the circumference of cob and weight of grain 
than between the latter and weight of cob. This indicates that the 
weight of cob is a more variable factor than the circumference. The 
coefficient of variability for circumference is 9.24 -+.075, and for 
weight of cob, 19.97 ++ .168. 


6. WEIGHT OF COB AND WEIGHT OF KERNEL. 


The weight of kernel as expressed by the number required to weigh 
Io grams ranges from 18 to 32. The coefficient of variability is 


} 
; 
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16.18 + .1344. The factor of correlation between these two char- 
acters is —.1837 + .o110. This shows there is no correlation between 
high percentage of cob and high weight of kernel. It predicts a 
moderate tendency for heavy cobs to produce light kernels. In Table 


TABLE 5.—Kelation between weight of shelled grain per section in grams, sub- 
ject; and weight of cob per section in grams. 


(r = .3064 + .0103.) 


Weight of cob in grams. 
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2 it was found that there was no correlation between the circumfer- 
ence of the cob and the weight of kernel. 


A 


This would lead to the 


} conclusion that no very high correlation exists between the circum- 
_ ference of cob and the weight of cob. Large cobs may lack normal 


density and for that reason are not proportionally heavier than 


4 small cobs. 
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TABLE 6.—Correlation between weight of individual kernel (number in 10 
grams), subject; and weight of cobin grams, relative. (r=—.1837 + .oII.) 


Weight of cob in grams. 
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7. WEIGHT OF COB AND DEPTH OF KERNEL. 


Table 7 shows that correlation between the weight of cob and the 
depth of kernel is —.0747, with a probable error of + .0113. The 
correlation is negative and very low. Large cobs by weight are not 
accompanied by deep kernels. Large cobs by volume, as shown in 
Table 3, tend to carry shallow kernels. 


8. WEIGHT OF COB AND THICKNESS OF KERNEL. 
An examination of Table 8 shows a correlation of —.15 between 


the weight of cob and the thickness of kernel, with a probable error 
of + .o111. There is moderate indication that heavy cobs tend to 
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TaBLe 7.—Correlation between depth of kernel in centimeters, subject; and 


weight of cob in grams, relative. 
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kernels rather than thick. In Table 4 it was shown that 
large cobs by volume were more likely to be accompanied by thin 
kernels. Small cobs both by volume and weight seem to be associated 
with thick kernels. : 


Tas_e 8.—Correlation between thickness of kernel (number in 10 centimeters), 
and weight of cob in grams, relative. (r=—.1500 +.0I1II.) 
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Q. DENSITY OF COB AND WEIGHT OF GRAIN PER SECTION. 
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It will be noted from Table 13 that the coefficient of variability of 
the density of cob is quite high, 17.51 4.1460. The extremes of 
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density of cob range from 0.12 to 0.54 (factor). The examination 
of a large number of ears will show a wide variation in the density 
as well as the size (circumference) of cobs. What relation density 
of cob holds to the yield of grain is shown in Table 9. The coefficient 


TABLE 9.—Correlation between weight of shelled grain per section in grams, subject; and 


Weight of kernels in grams. 


density of cob, relative. (r=— .0728 + .0113.) 
Density of cob (factor). 
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of correlation is low and negative, —.0728 + .0113. This indicates 
a very slight tendency for high-yielding ears to be associated with 
cobs of low density. 
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IO. DENSITY OF COB AND WEIGHT OF KERNEL. 


An inspection of Table 10 shows a moderate negative correlation 
between the density of cob and the weight of kernel. The coefficient 
of correlation factor is —.1759-+ .o111. The relation between the 
two characters is to the effect that lighter kernels accompany the cobs 
of the greater density. It has been found in carrying on this work 


Taste 10.—Correlation between weight of individual kernel (number in to grams) sub- 


ject; and density of cob, relative. (r=—.1759 + .O1105.) 
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that the cobs of the greatest density are not the largest in circum- 
ference. The cobs of smallest circumference have a tendency to carry 
a smaller number of rows of kernels and these in turn are generally 
more shallow than on cobs of larger circumference. 
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II. DENSITY OF COB AND THE DEPTH OF KERNEL. 


From the conclusion reached in the discussion of Table 10 we 
should expect some correlation between the density of cob and depth 


of kernel. Large volume in cobs is not accompanied by the greatest — 


density. Cobs of large circumference do not carry the largest kernels 
by weight. The coefficient of correlation between the density of cob 
and the depth of kernel is .1039 + .0113. The correlation is positive 
in a rather low degree, and indicates that depth of kernel is associated 
to some extent with density of cob. 


TABLE 11.—Correlation between density of cob, subject; and depth of kernel in 
centimeters, relative. (r= .1039 + .0113.) 


Depth of kernels in centimeters. 
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IZ. DENSITY OF COB AND THICKNESS OF KERNEL. 


It was found in Table 4 that the thickness of kernel was not 
directly correlated with the circumference of cob. In Table 8 it was 
shown that the weight of cob has no direct correlation with the 
thickness of kernel. Instead, the thicker kernels were found on cobs 
of moderate weight. The correlation between the density of cob and 
thickness of kernel is expressed by the factor —-.0514-+.0114. It 
indicates a very slight tendency for thick kernels to be found on cobs 
of moderate density. 


4 
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TABLE 12.—Correlation between density of cob, subject; and thickness of kernel 
(number in ro centimeters), relative. (r=—.0514 + .O114.) 


Number of kernels in 10 centimeters. 
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SUMMARY. 


From the data which have been presented on the correlation of 
characters of cob to other ear characters of corn the following con- 
clusions may be drawn: 

1. The yield of grain per ear is strongly correlated with the cir- 
cumference of cob. 

2. There is practically no correlation between weight of individual 
kernel and the circumference of cob. 

3. The depth of kernel is correlated to a moderate degree with 
cobs of small circumference. 

4. The thickness of kernel is slightly correlated with cobs of 
small circumference. 

5. Lhe yield of grain per ear is correlated to a considerable degree 
with the weight of cob. 

6. The weight of kernel is moderately correlated with cobs of 
low weight. 

7. Uhere is a very low correlation between depth of kernel and 
weight of cob. The heaviest cobs do not carry the deepest kernels. 

8. A fair degree of correlation exists between the thickness of 
kernel and cobs of low weight. 

g. The yield of grain per ear has a very slight correlation with low 


_ density of cob. 
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10. There is a moderate degree of correlation between weight of 
kernel and cobs of low density. 
11. The depth of kernel is slightly correlated with density of cob. 


TABLE 13.—Summary table of variation constants in ears of corn and of corre- 
lation coefficients. 
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Depth of kernel; cme eae. 2 es -7-1.9 1.248 4.0015 .1345 +.001I | 10.78 +.0883 
Thickness of kernel (No. in 10 

CU ya te cui mre hae ee. S22 24.827+.0229| 2.0137+.0163| $8.15 =-.0657 
Weight of kernel (No. in 10 

SSE Male ea on ag ee aR es tA ot 18-52 | 27.805+.0513| 4.4994-+.0364 | 16.18 +.1344 

Characters. Coefficient of correlation, 

Circumference of cob and weight of grain per section... ..]| . -4118 +.0095 
Circumference of cob and weight of kernel............. —.0185 +.0114 
Circumference of cob and depth of kernel............. —.1789 +.0110 
Circumference of cob and thickness of kernel.......... —.1053 +.0113 
Weight of cob and weight of grain per section......... .300604 +.0103 
Weight of cob and weight of ‘kernel’... 235. scene eae —.1837:0110 
Weight of cob:and: depth of, kertiel.: . Soice.) caer, eee —.0747 4.0113 
Weight of cob’and thickness of. kernel.) 72.0. 7, 2. ae —.I500+.01II 
Density of cob and weight of grain per section........ —.0728+.0113 
Density of cob and weight of kernel,................. —. 1050 =, 0LnE 
Density of cob-and depth of kernel’. 22. 52 eee .1030'+.0T13 
Density of cob ‘and thickness-of ‘kermel 6 2550-8 es ee —.0513 4.0114 


12. The correlation between thickness of kernel and density of 
cob is very low and negative. 

13. The coefficient of variability is much higher for weight of cob, 
density of cob, and weight of kernel than for the other characters. 
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Fic. 1. View of plat planted with quartered 8-ounce potato tubers in 1916. 


Fic. 2. View of plat planted with quartered 4-ounce potato tubers in 1916. 


———"7 


Fic. 3. View of plat planted with quartered 3-ounce potato tubers in 1916. 
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Fic. 1. View of plat planted with whole 8-ounce potato tubers in 1916. 


Mie 


Fic. 3. View of plat planted with halved 4-ounce potato tubers in 1916. 
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WHOLE VS. CUT POTATO TUBERS FOR PLANTING ON 
IRRIGATED LAND.—1.' 


La: Ce AICHER. 


In the United States practices in potato production are very largely 
sectional and often differ greatly. Probably the greatest difference is 
noted in the size and nature of the tuber piece planted. In some 
sections, the whole potato is planted; in others, only cut tubers. 
Some growers plant a large set, others plant a small one, and some 
plant culls. Only two of the great potato-producing sections, so far 
as the writer is able to learn, grow the same variety as a major crop. 
Climate and length of growing season are large determining factors 
in potato varietal selection and may also be contributing causes of 
some of the above mentioned methods of production. 

There is considerable printed information available on potato 
production. Information tending to establish rather definitely the 
size of tuber piece to plant for the most economical production of 
the Irish potato, however, is limited and sectional. Practically all the 
information which is available has to do with potato production under 
humid or subhumid conditions. The experiments here reported deal 
entirely with the potato under irrigation. 

These experiments were begun on the Aberdeen Branch Experi- 
ment Station at Aberdeen, Idaho, in 1913. In 1912 suitable seed 
stock was grown for the work. As the station work became better 
organized, more time and money were spent in obtaining data which 
1 Contribution from the Idaho Agricultural Experiment Station. Received 
for publication February 9, 1917. This is the first of two papers on the use 
of whole or cut potato tubers of various weights for planting on irrigated land, 
with reference to the total yield and the yield of marketable tubers. The work 
here described was performed on the Aberdeen substation. The second paper, 


which appears elsewhere in this issue, describes similar experiments conducted 
at the Gooding substation by J. S. Welch. 
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at first were not taken. It is realized that still further information 
would be highly desirable. 


OUTLINE OF THE EXPERIMENT. 


The Idaho Rural potato was used in this experiment. This variety 
is now supposed to be of the same stock as the Charles Downing. It 
it a flattened, oval-oblong, very smooth, medium-sized tuber with 
shallow eyes and white, creamy skin. The sprout is white, with tips 
slightly colored. 

The set, or seed piece, as the terms are here used, is the portion of 
the tuber used in planting. The experiment was planned to include 
maximum, optimum, and minimum sized seed pieces. Tubers weigh- 
ing approximately 8 ounces, 4 ounces, and 3 ounces each were used. 
A portion of each lot was planted whole, others were halved, and 
still others were quartered. The halved pieces were obtained by cut- 
ting the tuber lengthwise, care being taken to divide it into equal 
parts. The quartered seed was obtained by cutting the tuber length- 
wise and then crosswise, making the quarters as uniform in size as 
possible. No attempt was made to have a definite number of eyes 
on each piece. Each whole tuber was first examined for external 
indications of disease. A thin slice then was cut off the stem end of 
the tuber as a further precaution against planting diseased stock. 
All tubers showing brown discoloration were discarded. 

In 1913 and 1914 the seed potatoes were given the formaldehyde 
treatment (1 pint of formaldehyde to 25 gallons of water). The 
tubers were soaked in this solution for two hours. In 1915 and 1916 
the bichloride treatment was given (4 ounces of bichloride of mer-— 
cury to 30 gallons of water). The tubers were soaked 1% hours. 
Those which were to be planted whole were treated after the stem 
ends had been examined for discoloration. Tubers which were to be 
cut were treated after cutting, to avoid reinfection of disease if any 
was met in cutting. 

Care was taken to get tubers of the proper size for each experi- 
ment. A variation of a half ounce was permitted in the selection of 
the 8-ounce lot, while a variation of but a quarter ounce was per- 
mitted in the selection of the 3-ounce and 4-ounce tubers. The aver-— 
age weights in each lot were rigidly maintained. 

The soil on the Aberdeen substation is a sandy clay loam. The 
1913 crop was planted on land which was cleared of sagebrush two 
years previous and had produced two successive crops of wheat. 
The 1914 crop was planted on land which had produced three suc-_ 
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cessive crops of wheat and which was manured in the fall before the 
potatoes were planted. The 1915 crop was planted on land which 
produced a crop of field peas harvested for seed and which had pre- 
viously been in wheat for three successive years. This land was 
manured the fall before the peas were planted. The 1916 crop was 
planted on land that had been in alfalfa three years and previous to 
that in wheat two years. 
Furrows were opened with a shovel plow and the sets dropped by 
hand and covered with a “crowder.” The rows were 33 inches apart, 
6 rows composing the unit of a twentieth acre. The sets were planted 
16 inches apart in the row and 4 inches deep. A brass chain with 
strings tied at 16-inch intervals served as a guide to the planters, 
thus insuring accurate placement of each tuber set. This method of 
_ planting proved very satisfactory. 
Three or four irrigations and cultivations were given during the 
growing season, the number of irrigations given depending upon the 
seasonal precipitation and other climatic factors. Cultivation always 
followed irrigation except when the vines were large enough to 
shade the ground. | 
In 1915 and 1916 counts were taken on the percentage of stand and 
number of stalks per hill. 
| The yields of marketable and cull tubers were taken each year 
during the 4-year period. These data were obtained by hand sorting 
in 1913 and sorting over a specially prepared 2-inch screen in 1914, 
1915, and 1916. In connection with this part of the experiment, the 
number of tubers in a bushel of the marketable and a bushel of the 
cull tubers was determined in 1915 and 1916, in order to arrive at a 
definite conclusion relative to the sizes of tubers produced by the 
various sizes of tuber sets and their average weight. 
The crop was harvested with a standard type of power potato 
digger. Each plat was stored in the cellar until all were dug. The 
various lots were then sorted and calculations made. 


RESULTS. 


_ The sprouting and emergence period varied almost directly with 
‘the size and kind of sét planted. The plants from the 8-ounce, 
4-ounce, and 3-ounce whole tubers appeared first and in the order 
here mentioned. The next plants to appear came from the 8-ounce 
halved tubers. The plants from the 4-ounce and 3-ounce halved and 
s-ounce quartered tuber sets appeared in the next 24 to 48 hours. 
The plants from the 4-ounce and + ounce quartered tubers were the 
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last to appear, the latter appearing from two to four days later than 
the plants from the 8-ounce whole tubers. 

The sprouting and emergence period varied considerably from year 
to year, depending upon climatic conditions and the condition of the 
soil. A moist, warm soil was conducive to quick growth. A dry, 
warm soil retarded the growth of the smaller cut-tuber pieces but 
only slightly affected the emergence of the plants from the whole 
tubers. The early growth of the plants from the large whole tubers 
was least affected by the soil moisture content and the physical con- 
dition of the soil. Cold soil and cold weather retarded the growth 
of the plants from the whole and the cut tubers, but the latter seemed 
most affected. 

Table 1 shows that the stand from the whole and halved tubers 
was excellent. There was, however, a severe loss in stand from the 
quartered tuber sets. The loss in stand from the 8-ounce and 4-ounce 
quartered tubers was 11 percent, while the loss from the 3-ounce 
quartered tubers was almost 18 percent. ‘This loss is attributed to 
the inability of the plants from the small tuber sets to overcome adverse 
climatic and soil conditions, and to a possible lack of eyes on many 
of the small sets. The Idaho Rural potato has from 8 to Io eyes, 
rarely 11, and 6 or more of these eyes are on the bud-end half of 
the potato. When this tuber is quartered without regard to the 
placement of the eyes, the stem-end quarters may have one or more 
eyes or sometimes none at all. 

The average number of stalks per hill, as determined by actual 
count, varied directly with the size of the tuber set, in each respective 
lot of whole, halved, and quartered tubers. The 4-ounce whole tubers 
produced a greater number of stalks per hill than the 8-ounce halved 
tubers, which are really 4-ounce sets. This is due to the greater 
number of eyes on the whole tuber. The 4-ounce halved set produced 
more stalks per hill than the 8-ounce quartered tubers, for the same 
reason, both being 2-ounce sets. The 4-ounce quartered set produced 
the same number of stalks as the 3-ounce quartered tuber. This is 
due to the sets being very nearly the same size and having about the 
same number of eyes. Table 1 shows that the whole tubers produced 
almost twice as many stalks per hill as the halved sets and that the 
halved sets produced almost twice as many stalks per hill as the 
quartered sets. | 

Practically every eye on the 8-ounce whole, halved, and quartered 


tuber sets produced stalks, as will be noted by comparing the number 


of stalks per hill and the number of eyes per tuber on the Idaho 


inclusive. 


Description of 
_ tuber set planted. 


— 


.whole... 
. halved .. 
. quartered 
-whole... 
. halved .. 


- whole... 
whalved .. 


Stand. a 


Percent. 
99.91 
99.97 
89.28 
99.99 
99.99 


. quartered! 89.31 


100.00 
98.87 


; . quartered! 82.19 


aie (e © eeu 6 


rie mee te 


to each eye to produce a plant. 
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Rural potato. The earlier sprouting bud-eye on the larger sets does 
‘not grow to the exclusion of growth of the other eyes of the tuber. 
The Idaho Rural potato is not given to producing a master sprout. 
If this potato, by breeding or selection, could be made to grow a 
‘master sprout the undesirable features resulting from planting whole 
tubers would be eliminated. The size of the set determines very 
largely how many eyes will produce stalks, for the larger the set 
the more plant food there is available and the greater the stimulus 
The 4-ounce and 3-ounce whole 
_ tubers have just as many eyes as the 8-ounce tubers, but the eyes on 
the small tubers are not as well developed. Table 1 shows that the 
8-ounce whole tubers produced 8.67 stalks per hill, whereas the 
4-ounce and 3-ounce whole tubers produced but 5.41 and 4.82 stalks 
per hill, respectively. These stalks produce tubers and it is this 
fact which has such a large bearing upon the percentage of market- 
able tubers from the whole, halved, and quartered seed. These per- 
centages are given in Table 1. 


TABLE 1.—Average stand, number of stalks per hill, total yield, yield of mar- 
ketable tubers, and size of marketable and cull tubers recorded in an experi- 
ment to determine the effect of planting whole or cut potatoes of various sizes 
on irrigated land at the Aberdeen substation, Aberdeen, Idaho, 1913 to 1916, 


6.30 


3-44 
2.02 


Yield per acre. 


Percent- 
age of 
market- 

able 
tubers. 


52.0 
65.2 
69.1 
46.3 
66.1 
77-4 
54-2 
68.8 
78.0 


51.0 
66.7 


Mata cee 
Bushels.| Bushels. 
392.9 | 200.6 
333-5 210.5 
314.0 PAS 7; 
368.7 17.0 
A32:0:.| 220.1 
322.7 250.9 
361-7 201.1 
355-5 253.8 
262.7 201.5 
Summary. 
374-4 | I91.0 
340.6 228.1 
299.8 223.5 


71.5 


@ Average for two years only (1915 and 1916). 


Number of tu- 
bers per bushel. 


Market- 
able. 


209 
196 
152 
179 
iy a 
152 
196 
162 
170 


194 
176 
158 


Weight per tuber, 


Culls, 


472 


een Culls. 

Ounces.| Ounces. 
4.6 1.8 
4.9 2am 
5-7 2.3 
Bes 2.0 
ee, 22 
6.2 Pe | 
4.9 2a 
5-9 2.3 
5.6 ae 

4.9 1.9 
55 Dee 
5-8 2B 


Whole tubers invariably produced a larger and more plentiful 
growth of top than the cut pieces. This growth was proportional to 
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the size of the whole, halved, and quartered sets, respectively. 
Plates 5 and 6 show clearly the variations in growth. The large and 
vigorous growth from the large sets is due to the better start given 
the plants by the greater supply of food available; to the greater 
proportion of eyes producing stalks; and to the fact that the greater 
supply of natural moisture in the larger sets is not exhausted so 
rapidly. Unless the soil is in good condition, the small set dries out 
before the plant can get sufficient moisture from the soil to sustain 
growth. Some of the loss in stand from the quartered small tuber 
sets was due to unfavorable soil conditions. The top growth from 
the 3-ounce quartered sets was the least vigorous and the number 
of stalks per hill was the lowest of all the lots. 

The whole tuber sets in each lot invariably produced the largest 
total yield of potatoes per acre. ‘The average difference in yield 
between the whole and the halved tuber sets was 33.8 bushels per 
acre, while the average decrease in yield from halved to quartered 
sets was 40.8 bushels per acre. The whole-tuber plats outyielded the 
quartered-set plats on the average by 74.6 bushels per acre. The 
total yield from the 8-ounce whole tubers averages 28 bushels per 
acre more than the yield from the 4-ounce and 3-ounce whole tubers. 
On the other hand, the whole tuber sets have invariably yielded the 
smallest percentage of marketable potatoes per acre. 

The total yield per acre, the yield per acre of marketable tubers, 
and the percentage of marketable tubers recorded in Table 1 are 
4-year averages. The 8-ounce whole tubers produced 52.6 percent of 
marketable tubers, whereas 78 percent of the crop from the 3-ounce 
quartered sets was marketable. The 3-ounce quartered sets have 
always produced the smallest yield in bushels per acre and the highest 
percentage of marketable tubers. The decrease in yield is due in 
great measure to the 18 percent loss in stand in the 3-ounce quartered 
plats. With this great handicap, the 3-ounce quartered sets main- 
tained a small increase in yield per acre of marketable tubers over 
the 8-ounce, 4-ounce and 3-ounce whole sets. The 8-ounce and 
4-ounce halved and quartered sets and the 3-ounce halved sets all 
yielded a much greater number of bushels of marketable tubers per 
acre than any of the lots of whole seed or the 3-ounce quartered sets. 
The percentage of marketable tubers increased as the size of the set 
decreased. This is due in part to the smaller number of stalks per 
hill, to the smaller numbers of tubers per hill, and to the greater 
growth per tuber in the hills from the smallest sets. Whole sets 
produced more tubers per hill than cut sets and the average size of 
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the tuber was much smaller. The larger the set the greater the 
number of tubers produced and the smaller the average weight per 
tuber. This is due to the greater number of stalks per hill from the 
large sets, the greater competition for moisture and food, and the 
greater number of tubers produced per hill. 

The data recorded in the experiment are summarized in Table 1. 


SUMMARY 


1. Whole tuber sets sprouted and the plants came up more quickly 
than those from cut tubers. 

2. Whole tuber sets produced a larger and more plentiful top 
- growth than cut tuber sets. 

_ 3. The vigor and size of the plant increased as the size of the set 
increased. 

4. The number of stalks per hill increased directly as the size of 
the set increased. 

5. Lhe loss in stand from planting whole and halved tubers aver- 
_aged less than 1 percent, while the loss in stand from planting quar- 
tered tubers averaged almost 13 percent. 

6. The earlier sprouting bud eye of the Idaho Rural potato does 
not grow to the exclusion of the other eyes of the tuber. 

7. The total yield from whole tubers was 14.4 percent more than 
from cut tubers. 

a 8. Cut tubers yielded 18 percent more marketable potatoes per 
acre than whole tubers. | 

g. The percentage of marketable tubers increased as the size of 
the set decreased. 

10. The larger the set the greater was the number of tubers pro- 
duced and the smaller the average weight per tuber. 


ABERDEEN SUBSTATION, 
ABERDEEN, IDAHO. 
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WHOLE VS. CUT POTATO TUBERS FOR PLANTING ON 
IRRIGATED LAND.—2.1 


Joun S. WELCcH. 


The production of potatoes on the irrigated lands of southern 
Idaho is an extensive and profitable industry. Growers generally are 
agreed upon certain methods of procedure in the production of 
potatoes under irrigation, but there is a widespread difference of 
opinion among them relative to the use of whole and cut tubers for 
planting. Prominent growers unqualifiedly recommend the planting 
of whole tubers and argue that such a procedure results in better 
stands, earlier development, greater yields, and greater profits. — 
Other growers equally as prominent reason that the old practice of 
cutting the tubers into a number of pieces is productive of best 
results under the conditions which prevail on most irrigated farms. 


REVIEW OF THE LITERATURE. 


In reviewing the literature of the subject it seems best to mention 
only conclusions based directly on experimental data. 

S. Johnson? concluded after four years of experimental work that 
whole tubers produce a greater total yield and also a greater yield of 
‘unmarketable potatoes than cut tubers. 

D. D. Johnson*® found that whole tubers produced a greater num- 
ber of vigorous stalks per hill than halved or quartered tubers, but 
that the increased number of stalks did not produce a relatively 
greater yield of potatoes. 

Taft* grew two varieties of potatoes from tubers planted whole and 
cut into halves, quarters, and eighths. He found halved tubers to be 
the most desirable when considered from the standpoint of net profit 
per acre. 


1 Contribution from the Idaho Agricultural Experiment Station. Received 
for publication February 21, 1917. 

2 Johnson, Sam’l. Potatoes, roots, fertilizers and oats. Mich, Agr. Expt. 
Sta. Bul. 46: 18809. 

3 Johnson, D. D. Potato culture and fertilization. W. Va. Agr. Expt. Sta. 
Bul. 20. 1892. 

4‘Taft, L. R. Potato tests. Mich. Agr. Expt, Stay Bul. $579 1602) 
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Harwood and Holden® grew four varieties in an experiment to 
determine the relative value of whole and cut tubers for planting. 
With three of the varieties, planting whole tubers produced the 
greater yield of marketable potatoes. In every case'the whole tubers 
produced the greater yield of unmarketable potatoes. 

Plumb® found that planting halved tubers produced a greater num- 
ber and a greater weight of marketable potatoes per hill than planting 
whole tubers; that whole tubers produced nearly twice as many 
unmarketable potatoes per hill as the halved tubers ; that whole tubers 
produced a greater total weight of potatoes per hill; and that the 
potatoes grown from halved tubers were of a greater average size. 


EXPERIMENTAL DATA. 


In order to obtain data that would help to settle questions that 
arise in the irrigated sections of Idaho relative to the advisability of 
using whole or cut potatoes for planting, the following experimental 
work was conducted at the Gooding Substation during 1914, 1915, 
and 1916. Because of the uniformity of the results obtained, it is 
thought necessary to present in this paper only the average results of 
the three years’ work. 

Each season the test was conducted on eight plats of two rows 
each, with an average of 110 hills per row. The sizes of tuber pieces 
planted were as follows: 8-ounce to 10-ounce tubers, whole, halved, 
and quartered; 4-ounce to 6-ounce tubers, whole, halved, and quar- 
tered ; and 2-ounce to 3-ounce tubers, whole and halved. 

The soil on which the experiment was conducted is a uniform 
medium clay loam. Previous to the summer of 1909 it was covered 
with a rank growth of sagebrush. After being cleared and before 
being cropped to potatoes, it had produced small grains and legumes 
and had been given applications of barnyard manure. In preparation 
for potato growing the land was fall-plowed and left rough over 
winter. In the early spring it was worked down to conserve as much 
as possible of the winter precipitation until planting time. 

The Idaho Rural variety was used exclusively. Stuart? classifies 
this variety with the Green Mountain group, which he describes as 
follows: 

5 Harwood, P. M., and Holden P. G. Potatoes: Amounts of seed. Mich. 
Agr. Expt. Sta. Bul. 93. 1803. | 

6 Plumb, C. S. Experiments in growing potatoes. Tenn. Agr. Expt. Sta. 
Bul., vol. 3, no. 1. 1890. 


*Stuart, William. Group classification and varietal descriptions of some 
American potatoes. U. S. Dept. Agr. Bul. 176. 1915. 
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Vines large, strong, healthy and well branched. Stems nearly upright in 
early stages of growth but’ gradually assuming a spreading habit toward the 
latter end ofethe season. Flowers white, abundant, rarely producing seed balls 
except under very favorable soil and climatic conditions. Tubers broadly 
roundish-flattened to distinctly oblong-flattened; ends usually blunt, especially 
the seed end; eyes medium in number, rather shallow with strong bud-eye 
cluster; skin dull creamy white, more or less netted; frequently with russet- 
colored splashes toward the seed end; sprouts rather short and stubby. 


The tubers used for planting were bright, well-kept stock and true 
to type. The selections for size were made by weighing. In halving, 
the tubers were cut lengthwise (from seed end to stem end) ; in quar- 
tering they were first cut lengthwise and then crosswise. Planting 
was done by hand immediately after cutting. The sets were planted 
in hills 18 to 20 inches apart in rows 3.5 feet apart. 

All plats were cultivated and irrigated exactly alike. The water 
was applied in a small stream running in a comparatively deep furrow 
between rows. On the average, three irrigations per season were 
given. All harvesting was done by hand. Potatoes which passed 
through a 2-inch mesh screen were classed as culls. The number of 
stalks and tubers per hill was estimated from data obtained by count- 
ing carefully the plants and tubers in 50 hills of each plat. All 
records in the tables are from actual weighings. The rates of 
planting, the stands obtained, and the number of days from planting 
to emergence are shown in Table 1. 


TABLE 1.—Kate of planting, stands, and number of days from planting to emer- 
gence recorded in an experiment to determine the relative merits of tubers 
of various sizes and of whole and cut tubers for planting. 


Size and portion of tuber planted. epee ase Stand. eae 
Pounds. Percent. Days. 
8 to, TO ounces, .whOle (apse cnn a el heats 5,000 93.28 24 
Sto rTo-ourices, halved. fer. een ee 2,500 95-69 24 
8.t0. TO. ounces, quartered. sah 4.0 eu). eeoeec 1,250 87.34 2, 
A: to 6 Ounces WHOlE sh ae hee 2,800 96.06 24 
4 to 6 ounces, Ralved 222 Sine Ui a I,400 Q1I.22 27 
A to.6,0unces) quartered isan cuneel on 700 90.39 28 
2 tO: 2 OUNCES, WhOle>.tuu.chaaheenre ae ae 1,400 93.95 27 
2-to 8: ounces; halwedisigt as ee ae ee aes 700 92.50 28 


The cost of producing a crop of potatoes must be taken into account 
in ascertaining the relative efficiency of production methods. As the 
price of good seed potatoes at planting time is usually high, their cost 


becomes one of the most important factors in determining the cost of. 


production. The number of pounds of the various seed pieces 
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required to plant an acre is, therefore, shown in Table 1. Since 
9,000 hills per acre are usually planted on the irrigated lands of this 
section, that number was used in making the computations. It is 
clear that in computing the net returns per acre, especially from 
planting whole tubers, the quantity planted per acre must be 
reckoned with. 

Except in the case of the potatoes weighing 8 to 10 ounces, the 
whole tubers produced a slightly better stand than the halved tubers ; 
jn all cases the halved tubers produced a better stand than the quar- 
tered tubers. 

One of the arguments used by those who advocate the planting of 
whole tubers is that this procedure results in a shortening of the time 
intervening between planting and emergence and thus insures the 
earlier development of the crop. It is apparent from the data 
recorded in Table 1 that the time from planting to emergence depends 
entirely on the size of the seed piece, and not at all on whether it is 
whole, halved, or quartered. 


TABLE 2.—Number of stalks, number of tubers, and number of marketable 
tubers and culls per hill produced from tubers of various sizes planted 
whole, halved, and quartered. 


| Number of | 


Number of | Number of | Numberof | marketable | Number of 
Size and portion of tuber planted. stalks per | tubersper | tubersper | tubers per culls per 

4 hill. hill, | stalk. hill. hill. 

S to 10 ounces, whole.......... 8.9 Die hats Nee 2.6 m3 15-4 
mato 10 ounces, halved......... 5:6 i eee a i 2 8.2 9.0 
8 to 10 ounces, quartered....... 2:9 SU 4.3 4.2 ee} 
mero Q Ounces, whole........... Figg) 20.8 2.8 8.1 TAF 
meco © Ounces, halved.......... 4.0 15.0 3:9 8.0 7S) 
4 to 6 ounces, quartered....... cre £230 5x2 a2 A. 4.6 
meto 2 ounces, whole........... 5.2 16.4 302 7.6 8.8 
macea Ounces, halved.......... 2.9 Pela. 4.3 6.4 6.0 


Recommendations for the use of whole tubers for planting seem 
_also to be based in part upon the belief that, when the tuber is planted 
whole, one large sprout will grow from the terminal bud or seed end 
_and will develop at the expense of other sprouts, producing one large, 
vigorous stalk per hill. Data recorded in Table 2 do not support 
that belief. Nearly all the eyes grow. The whole tubers produced 
nearly twice as many stalks per hill as the halved tubers and the 
halved tubers nearly twice as many stalks as the quartered tubers. 
The number of tubers produced per hill decreased with the number 
of stalks per hill, although the decrease was not directly in propor- 
tion. The number of tubers per stalk increased as the number of 
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stalks per hill decreased. The number of cull potatoes per hill was 
in almost direct proportion to the number of stalks per hill. 

As would be expected from the data shown in Table 2, the plant- 
ings which produced the fewest culls produced tubers of greatest 
average size. In every size of tubers planted (8- to 10-ounce, 
4- to 6-ounce, and-2- to 3-ounce), the whole tubers produced smaller 
potatoes than the halved and the halved tubers produced smaller 
potatoes than the quartered. 


TABLE 3.—Average weight of all tubers, and of. marketable tubers and culls 
separately, produced from planting tubers of various sizes planted 
whole, halved, and quartered. 


Average size of tubers, Weight of tubers per hill, acsent. 
Size and portion of tuber age 
planted All. Baran Culls. All. Maret | eeu 
Ounces.| Ounces.| Ounces.| Pounds. | Pounds. | Pounds. 
8 to 10 ounces, whole... 2.6 Ane, 1.4 3.67 2.28 1.39 62.12 
8 to 10 ounces, halved..| 3.5 5 1.6 3.76 2.90 .86 pee 
8 to 10 ounces, quartered| 4.3 5.9 Bae 3.360 2.05 ape 78.87 
4 to 6 ounces, whole.... 2.8 4.6 1.6 3.56 ye i232 65.45 
4 to 6 ounces, halved...| 3.5 5.0 2.0 3:33 2.50 .83 75.05 
4 to 6 ounces, quartered. 3.8 4.8 oer 2.85 2e22 .62 78.25 
2 to 3 ounces, whole....| 3.2 Aes LO Z25 2.24 I.O1 68.09 
2 to 3 ounces, halved...| 4.0 6.0 1.9 3.10 2.41 -70 77.49 


Any practice in potato culture should be judged according to the 
yield of marketable potatoes obtained by following it. It will be 
noted that 8-ounce to 10-ounce whole tubers produced a smaller 
yield of marketable potatoes per hill than either the halved or the 
quartered tubers and that the halved tubers produced a greater yield 
of marketable potatoes per hill than the quartered ones. The whole 
tubers weighing 4 to 6 ounces produced a smaller yield of marketable 
potatoes than the halved, but a slightly larger yield than the quar- 
tered tubers. Even with tubers weighing 2 to 3 ounces, the halved 
outyielded the whole tubers in yield of marketable potatoes. 

From the standpoint of total yield, the greatest weight was grown 
from 8- to Io-ounce tubers halved, the next greatest weight from 
8- to 10-ounce whole tubers, and the next from 4- to 6-ounce whole 
tubers. The smallest total yield was produced from 4- to 6-ounce 
tubers quartered. ; 

The yields are shown in Table 4 in pounds per hill. On that basis 
the variations do not seem great. When it is remembered, however. 
that a difference of 1 pound per hill is equivalent to about 9,000 
pounds per acre, these seemingly small variations become very sig- 
nificant. 
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The more important data in Tables 


a 


—s 


Table 4 so that they may be more conveniently studied. 
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and 3 are summarized in 


Taste 4.—Summary of principal data on an experiment with planting whole 
) and cut tubers of various sizes. 


Number of |Number of | Average ‘Total nh Percentage 

Size and portion of tuber planted. | stalks per | tubers per | weight weight |marketable| of tubers 

hill, hill. of tubers, | of tubers tubers market- 
per hill. per hill. able, 

Ounces. | Pounds. | Pounds. 

8 to 10 ounces, whole....... 8.9 aa.7 2.6 3.67 2.28 62.12 
8 to 10 ounces, halved...... 5.6 17.2 ae 3,76 2.90 Gy Pe 
8 to 10 ounces, quartered... 2.9 12.5 4.3 3.36 2.65 78.87 
- 4 to 6 ounces, whole........ 7.4 20.8 2.8 3.56 2.33 65.45 
mao o ounces, halved....... 4.0 15.0 IG; S.23 2.50 75.05 
4 to 6 ounces, quartered.... Zag I2.0 3.8 2.85 2 i Jes eas iy ho 
2 to 3 ounces, whole........ 52 16.4 3.2 4.25 2.24 68.09 
meto 3 Ounces, halved....... 12.4 4.0 3,11 2.41 77.49 


It appears that a definite relation exists between the number of 
stalks per hill, the number of tubers per hill, the average size of the 
tubers, and the percentage of marketable tubers; that the number of 
tubers per hill decreases with the number of stalks per hill and that 
this decrease is accompanied by an increase in the average size of the 
tubers and in the percentage of marketable tubers. 

The best yields were obtained with a medium number of) tubers 
per hill. It is conceivable that, if sufficient plant food were available, 
all of the tubers which set might be made to reach marketable size. 
In that case hills which set the greatest number of tubers would 
produce the greatest yields. If this condition could be realized one 
could assume that the procedure which induced the greatest set per 
hill would be the most profitable. A hill of eight stalks has little 
if any greater root zone than one of two stalks and, therefore, it 
has no more plant food to draw upon. To provide that hill with suffi- 
cient plant food to develop all of its tubers, a very liberal use of 
commercial fertilizer would be necessary. Under present conditions 
on the average irrigated farm in this section it is doubtful if that 
practice would prove practicable. It must not be inferred, however, 
that the soil upon which this experiment was conducted was in a low 
state of fertility, for potatoes of the same variety growing within a 
few feet of the plats used in 1916 yielded 450 bushels per acre. 

Most of the tubers produced on the experimental plats showed a 
small amount of rhizoctonia. Tubers from each plat were carefully 
examined to determine the relative amount of disease present. No 
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difference whatever could be noted between the potatoes grown from 
whole and those from cut tubers. 


SUM MARY. 


The experiments recorded here have been conducted for three 
years. The greatest possible care was taken to insure uniform soil 
conditions and to provide uniform irrigation and cultural methods. 
The results of the three years’ work are in close agreement. Average 
results only are presented in this paper. 

In general, planting whole tubers produced a better stand than cut 
tubers, but the increase in stand was not at all commensurate with 
the greater weight of tubers used in obtaining it. 

The relative time from planting to emergence did not depend upon 
the use of whole or cut tubers. It was determined wholly by the 
size of the seed piece. 

Whole tubers showed no tendency whatever to develop only one 
sprout from the seed end. 

The number of tubers per hill decreased with the number of stalks 
per hill, but the number of tubers per plant increased as the number 
of stalks per hill decreased. The hills which had the greatest number: 
of stalks invariably produced the greatest number of culls. 

In every size planted, whole tubers produced smaller potatoes than 
halved and halved produced smaller potatoes than quartered tubers. 

The greatest yield of marketable potatoes was produced from 8- 
to 10-ounce tubers halved. Very good yields, however, were pro- 
duced by the 8-to Io-ounce quartered and the 4- to 6-ounce halved 
tubers. In every weight of tubers selected the whole tubers produced 
smaller yields of marketable potatoes than the cut tubers. 

Under conditions which prevail on the average irrigated farm in 
southern Idaho, the planting of whole potatoes is not advisable. 
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Constructed by the Office of Cereal Investigations, U. S. 


Department of Agriculture, after the author’s plan. 


Instrument! for measuring squareheadedness. 
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THE COMPARATIVE EFFICIENCY OF INDEXES OF DENSITY, 
AND A NEW COEFFICIENT FOR MEASURING 
SQUAREHEADEDNESS IN WHEAT.’ 


S. BosHNAKIAN. 


There are three types of compact wheats, the squarehead (T7riti- 
cum capitatum, Schulz.), the club (T. compactum, Host.) and a 
third form, the squarehead-club, which will be referred to in this 
paper as T. compacto-capitatum. In figure 14 these three forms are 
represented by heads 4, 5, and 6, respectively. These are all classi- 
fied generally as T. compactum and oftener called “club” in litera- 
ture, but as they differ appreciably in form as well as in genetic 
behavior it is necessary to make distinctions between them. The 
_ object of this paper is first to analyze the comparative efficiency of 
the indexes of density in use at present; second, to suggest the use 
of a new coefficient to substitute for the present ways of measuring 
compactness, which do not bring out these differences ; and third, to 
describe an instrument for measuring squareheadedness. 


1. THE INDEXES OF DENSITY. 


The index of compactness, known as the density coefficient, may 
be determined in several ways. The oldest in use in practical breeding 
was found by the formula 


Di 


= : Formula 1a) 
3° (Formula Ia 


where D,—= density according to formula 1; 
Z: 


= length of spike measured from the base of the head to the tip 
of the terminal spikelet; and 


S = number of spikelets. 


The length of the head measured in this manner will vary accord- 
ing to the length of the terminal spikelet. When, for instance, 
density studies are to be made upon a population derived from a 
cross between a Polish and any of the club wheats, the use of this 
formula becomes anything but practicable, due to the length of the 
terminal spikelet of the Polish, which sometimes is as long as the 


1 Paper No. 61, Department of Plant Breeding, Cornell University, Ithaca, 
N. Y. Received for publication January 10, 1917. 
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entire rachis of the club wheat. In taking data on vulgare wheats the 
use of formula I, as will be pointed out later, does not introduce a 
very serious error. 

To overcome this source of error another method came into use. 
By this method the index of density is found by dividing the length 
of the rachis (instead of the total length of the head) by the number 
of spikelets, thus: 

= (Formula 2a) 
where D, = density found by formula 2a; 
R=length of rachis in mm.; and 
S =number of spikelets. 


This formula expressed in percentage as 


S 
D2% = ome ' (Formula 2b) 


was suggested by Neergaard (1887). The latter formula, instead of 
showing how many millimeters of the rachis length on an average are 
shared by each spikelet, as does formula 2a, shows .the expected num- 
ber of spikelets per 100 mm. of rachis length. | 

A third and a more logical standard generally used at pres- 
ent consists in determining the average length of the rachis inter- 
node. It is found simply by dividing the length of the rachis by the 
number of internodes (which is always one less than the number of 
spikelets on the same head). This formula may be presented as 


D 
D3 = 7 (Formula 3a) 


where D,= density of formula 3a; 
R= length of the rachis in mm.; and 
J] =number of rachis internodes. 


Expressed in percentages, 


I 
D3 J = Ie (Formula 30), 


which shows the average number of rachis internodes found in 100 
mm. of the rachis length. 

Derlitzki (1913) suggested that the true density of a head may be 
better represented by adding 1 to the percentage of density shown by 
formula 3b above, thus: 


I 
DE = mee +1, or =D3;+1 (Formula 4). 


His formula is a modification of that of Neergaard. The addition 
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of a unit to the number of internodes per 100 mm. rachis length is 
based upon the fact that no matter what portion of the rachis is taken 
the number of the spikelets in a given distance is always one more 
than the number of internodes. [ach rachis internode terminates 
with a spikelet, but an additional spikelet without a rachis internode 
is always located at the base of the head just where the basal inter- 
node carrying its spikelet is articulated. It is the presence of the 
basal spikelet which in the calculation of density introduces the addi- 
tion of a unit to the number of internodes which make up an imag- 
inary spike of 100 mm. rachis length. 

Derlitzki’s theory appears to be very plausible, as it points out an 
error in Neergaard’s formula which for many years was overlooked. 
But as the results obtained from the application of such formule in 
actual practice are of more interest than the theories themselves, one 
is justified in inquiring just how great the difference is between the 
two formule in question and, further, it is desirable to know how this 
difference compares with the errors which accompany the measuring 


of the material. 
I £00 


a 
substituting the symbol X for the value 


-+ 1, may be represented as X + 1 by 


LSC. 160 
ep 
value J/-++1 for the number of spikelets on the head to be measured, 
Neergaard’s formula (2b) may be expressed thus,” 

Gee t00 "fx 100, 1 


oo 
R BCR 


Derlitzki’s formula, 


Substituting the 


2 The value 100/R is equal to X/J. The product of Neergaard’s formula in 
reality is equal to the number of internodes in 100 mm. length plus that portion 


of that coefficient — shared by one additional internode. Thus, 
IX 100 
I X 100 R x 
5 aS ete naa a 


For instance, take a head 80 mm. long, with 20 internodes. Then 
I = 20, 
R = 80, 


Te OO 2000 
rf ee ee = 25. 
| R 80 > 


ensity with formula 2b equals 


either X + = 25.0 + = = 25.0 + 1.25 = 26.25, 


x 25 
or X + T Ca ae = 25 +1.25 = 26.25. 
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So we find that the difference between the old (2b) and the cor- 
rected (4) formula is 


I0O I0o 
(x+22) —(X +1) ie ales 


Since the variable quantity in this last formula is R, the length of the 
rachis, the difference between the results by these two formule varies 
inversely with and depends solely upon the length of the rachis pro- 
vided the number of internodes is constant. 

Just how much this difference is for heads of various lengths is 
shown in the following table. Heads with 20 internodes and ranging 
in length from 20 mm. to 169 mm. have been used for illustration. 
The above number of internodes is taken for simplicity and also 
because nearly all wheats, especially the cultivated species, have a 
mean number of internodes fluctuating around that number. 


TaB_E 1.—Density of heads of wheat of 20 internodes and varying in length 
from 20 to 160 mm., according to Derlitzki’s and to Neergaard’s formula. 


Length of rachis Number of inter- Density after Nese ae eras rs Sel eae 
in mm, | nodes per roo mm. | Derlitzki’s formula aoe ee 
=(R). = (x). Caney (x+72). (2. :). 

20 100.0 101.0 105.0 4.0 
30 66.7 67.7 70.0 23 
40 50.0 (= es 0) 52.5 1.5 
50 40.0 41.0 42.0 1.0 
60 33:3. 34-3 35-0 “7 
70 28.7 29.7 30.0 «3 
80 | 25.0 26.0 26.2 A 
90 | 22.2 23.2 23.3 t 
100 | 20.0 21.0 21.0 .0 
TIO 16s} 19.2 TOst ak 
120 TO.7 gs Gf | E75 2 
130 ES 16.4 E65 2 
140 14.3 E5s8 | 15.0 ‘3 
150 le 14.3 14.0 <3 
160 T2583 T2353 I2.9 4 


The results in the last column of Table 1 show that the differences 
of the two methods for heads 60 mm. or longer is less than I percent ; 
for heads 5 cm. or shorter the difference varies from I to 4 percent. 

The next questions that arise are: What is the amount of error in 
measuring wheats, and how do the differences between these two 
methods compare with that error? Length measurements in wheat 
are considered satisfactory if measured accurately to the millimeter. 
They cannot be measured to the tenth of a millimeter because: (1) 
The end of the rachis is not sharply marked. There is a region about 


Ph 7 is 
eh, 8 Ae? 
eal na 
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/mm. long which belongs partly to the spikelet and partly to the 
rachis, and when the spikelet is broken off that region may go with 
the spikelet or may remain attached. A similar region exists at the 
base of the rachis. (2) A slight bending of the rachis may easily 
introduce an error of I to 2 mm., depending on the length of the head. 


| (3) The personal er- 

‘ror in observations is oo eases 
too great when dealing 7 ne 
with such fine meas- AE | ER 
urements to allow > » SSR aaa 
‘measurements of less GS 2 eee 
than 1 mm. Errors eee eg ae be 
of 0.5 mm. one way eee 
or the other are very tee eae a ae eee 
: a TU OP See ee 

a ae 


easy to make when 
Manse! 25. 30) 35) 40) AS S02 SS GO 6S IO" 9F BO. OS 


28 3 


zy 


a 
) 


8 


S 


g 


8 


S 


Nenber of Infernodes per 100mm Rachis Lenglh 


Ss 


measurements are 
4 de with a reason- Average I/nlernode Lenglh in Millimeter 

able degree of rapid- Fic. 11. Curve showing respective values of 
number of internodes in 100 mm. of rachis length 


ity; errors greater 
y> 8 and average internode length. 


fhan that are also 
made and when one measures a dozen heads on different occasions he 
will find that such errors can not be avoided because the material does 
not lend itself to finer measurements. 

é _As length is measured to the nearest millimeter, that is, a deviation 
of 0.5 mm. in either direction, the differences in results introduced 


“ABLE 2.—Errors in density determinations of wheai heads introduced by half- 
millimeter errors in measurements of heads of various length. 


Results of formula | Results of formula 
Length of heads 4 with --o.5 mm. 4 with —o.5 mm. | Differences of +o.5 | Differences of the 
in mm, error in the length | error in the length mm. error. two formule. 
measurement. measurement. 
20 : 98.5 IOI.5 3.0 4.0 
30 68.8 66.6 DD 2.4 
ee GO 51.6 50.4 E22 es 
50 41.4 40.6 8 120 
60 34.6 34.0 6 7 
JO Y 29.7 29-3, 4 4 
80 20.1 25.8 Me 2 
a 290 23-4 23-1 3 ai 
100 OTF 20.9. ' BZ Ne) 
fo ILO ' 19.3 19.1 2 x 
120 £7=7 170 Si 2 
— 130 16.4 EG.2 ez Be 
e140 E53 15.2 = | 3 
er 5O I4.4 14.3 cE a 
0 4 


a 160. 3.5 13.5 


. 
Nas a 
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by an error of 0.5 mm. will be determined. The same heads having 
20 spikelets each shown in the first column of the preceding table will 
be used and the differences produced by this deviation will be com- 
pared: with the differ- 
Curve A Curve BA ences of the two meth- 
oN ods: The data are 
shown in Table 2 
It is seen from the 
last two’ columns of 


See! a ame ro MS [Ce bees lt Ys Bt Niet) Pi Goes Wee Vesa (a Leal Ve fame hee oe | 


Vo i 

Ne vet Table. 2 that even a 

S28 \ oe Yee . 

\7 \ measurement to the 
Se \ 

S: \ nearest millimeter in- 
4 \ 

S53 \ troduces a difference 
2 \ 
/ ‘<a ‘the results which is 

' ' ' ' ' Cts ] ' ' ' \ peo 


DIS 20. 25 30 95 40 4550 SS £0 65 7 Is /ag. Gee as great as the 
: ee Tee sakes eS He difference between the 
sagt: n 

nee fat ) oe anaes Conees ae et eo kiag 

Steeee as its results in actual 

practice) .are-<.-COne 

cerned, Derlitzki’s formula hardly differs from the results obtained 
with Neergaard’s formula. 

In what respects do these two methods differ from methods 1 ia 
3? The question may best be answered by comparing the density 
figures obtained by these four methods. Since the last three methods 
represent the density per 100 mm. of rachis length, the first method will 
SS G@ 

ae 
1b). The writer knows of ae one case in which this formula has 
been used. 


be used with the same standard, the formula being ~**—— (formula 


Table 3 shows the measurements of six types of heads shown in 
fig. 14. | 

The averages of the four methods are here used for comparison, 
but it should not be inferred that these averages represent the figures 
which show the true density. 

The foregoing comparison shows that the least dcaaien from the 
averages of all four’ methods is found in the results obtained by 
formula 3b. The results of formula 1b are always below the aver- 
ages, those of formula 2b and 4 always above, ‘whereas those of 
formula 30 fluctuate slightly both above and below. In other words, 
the results by this last formula follow closely the average of the four 
formule. These figures show further that with the lax types the. 


at 
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difference between the four methods is not so great but becomes 
“more and more pe ondunced with the denser forms. 


TABLE SEG of six types of wheat heads, with densities calculated 
by various formulae and the deviation by each calculation from the average. 


T . Type 6, 
‘ Type x, Type 2.| Type 3, Basie. Types, dale 
Winter Amber | Early | yarly | Little’ | Gloria Average 
Data. én spelt Long- | Red | wind- Slab. itd camel! XP 
‘ ee berry | Chief, | cor, (7.| (7. com- | pacto- of the 
spelta). (TL. vud-|( 7, ved “| capita- | pactum), |capita- | Mean. 
eee sare). | tum), tum), 
Memetn of head (ZL) .....820....) 94 | 83 67 81 46 42 
Length of rachis Ry fs ay Oe eS ae 7 ie 61 75 41 36 
moor spikelets (S) ........... Mila O. |, BO 18 20 19 20 
No. of internodes (J) .......... 19 19 17 19 18 19 
Percentage of density: | 
ED Siege TSA. tt, 26.0). 24.7 41.3 47.6 
Se Sa orie 25,6 | 20,5: |. 26.4 46.3 Fy (Ae 
Bema SP in Se. eee foam eal: 24.3 ) a7. 8) 25.3 43-9 54.3 
SUE we g2.8 | 25.3 | 28.8'| 26.3 AAO Sh SS5-S 
maverage .5....... Oo ee fo72 2.24.8.) 28.21 - 25.7 44.1 53-6 
_ Deviations from averages: | 
NG ee —0.9 | —0.7 | —1I.3 | —I.0 —2.8 | —6.0 | 4.923 
mormiula 20... ws. See Seer +o0.8 | +0.8 | +1.3 | +1.0| +2.2 | +3.5 | &.679 
Formula 30 .. é oa ts Oa OK | — 04") 0.4 | = @.2 || -F 0.7 | 150 


Ea ee +0.6  +0.5 | +0.6| +06 | +0.8 | +1.7 | +.353 


So far as these. results show, formula 3b seems to be the best of 
the four methods. “ 
It was shown’ that 20 

method 3 had-two for- ie 
mule. The first(for- 7 
mula 3a) showed the 7% 


average _— internode, 72 = 

length, and the. second aah? 

(formula. 3b) -déter- 6 

mined the, density, in 47 - 
terms of number of &% - 
rachis internodes‘ on ¥ 3 - 

wee 


-arachis 100 mm. long. 

, Can both be used with s00 95 - = e = *o ae a a 2 xy i a ”: as 20 E : 

ein wiatat: yr S ‘Number of Inlernades per 00mm. Fachis Lerglh 

equal efficiency? | 

If, as in the ‘case of 

different standards of 
weights, | measures, 

-etc., with each increase of unit with one formula the figures of 

‘the other formula increase or decrease with the same increment, 
either can be used, awith equal Sees If this be the case the mathe- 


Fic. 13.° Values of curves A and B in figure 12 
expressed in terms of number of internodes per 
100 mm. of rachis length. 
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matical curve showing the corresponding values will take the form of 
a straight line. 

Plotting the figures obtained with both methods, a curve shown in 

: ete 10 

figure I1 is obtained which 1s the expression of the formula ee . 
It is seen from the curve that the values obtained with the percentage 
basis give more weight to the denser forms, and less weight in the 
same proportion to the laxer types. This fact may be made clearer 
by comparing two normal frequency curves plotted in terms of aver- 
age internode length (fig. 12) and the same values with their respect- 
ive frequencies in terms of number of internodes per 100 mm. rachis 
length (fig. 13). The frequencies and corresponding classes and 
results of both standards are shown in Table 4. 


TABLE 4.—Frequencies in classes of average internode length and classes of 
number of internodes in 100 mm. in curves A and B (fig. 12) and 
curves A’ and B’ (fig. 13). 


Curve A (fig. 12). Curve A’ (fig. 13). | Curve B (fig. 12). Curve S’ (fig. 13). 
ceed Difference | Classes of | Difference | Hee pet Difference | Classes of | Difference hes 
quen- 
internode | between | number of | between | cies, | internode | between number of | between Cies" 
length in classes, |internodes| classes, | length in classes, | internodes] classes, 
rian mm, in r0omm.4 mm. | oad mm. in 100 mm,? mm. 
| 
Les ae 66.6 16.6 | I 4.5 mes 22-2 2.2 I 
2.0 0.5 50.0 10.0 6 5.0 0.5 20.0 1.8 6 
Dale 0.5 40.0 6.7 15 5-5 0.5 18.2 1.6 15 
3.0 0.5 Se 4.8 20 6.0 0.5 16.6 L:2 20 
3.5 0.5 28.5 3.5 ES 6.5 0.5 15.4 1 | I5 
4.0 0.5 25.0 2.8 6 7.0 0.5 14.3 I.0 6 
4.5 0.5 22a ae Pas aS 0.5 13.3 Rs I 
M =3.0+.052 M =34.82 +.682 | M =6.0+.052 M =16.92+.144 
o =.612 +.036 o =.612 +.036 o =1.703+.102 


a =8.0903 +.482 | 


4 Kquivalents of classes of curve A (fig. 12). 
® Equivalents of classes of curve B (fig. 12). 


The figures obtained above point out four differences in the use 
of the two formule, 3a and 3b: 

1. A normal frequency curve with formula 3a gives a skew curve 
when plotted in terms of number of internodes per 100 mm., the 
skewness being toward the more lax classes. This is well shown by 
curves A and J’ plotted in figs. 2 and 3. Curve A (fig. 12) is a 
symmetrical curve where the mode 3.0 coincides with the median, the 
center of the range. The median of curve A’ (fig. 13) is at 44.4 but 
the mode is at 33.3, or 11.1 internodes towards the laxer classes. 
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2. On account of this skewness the mean density obtained with 
formula 3b is always greater than the corresponding value of the 
‘mean obtained with formula 3a. When the mean internode length of 
the frequency distribution represented by curve A is 3 mm. its corre- 
sponding value with formula 3) should be 33.33 internodes per 100 
mm. Calculation, however, shows 34.82 internodes, an increase of 
1.49 internodes. With curve B’, where the range on the percentage 
basis is very small, the difference is not so great. The equivalent of 
6 mm., the mean of curve B, is 16.66 internodes per 100 mm. ‘The 
calculated mean is 16.92, which shows a difference of + 0.26 inter- 
node. 

3. Frequency curves of dense and lax types found by formula 3a 
(fig. 12) show, when expressed with formula 3b, an appreciably 
greater range of variation with denser wheats (fig. 13, curve 4) and 
a much smaller range among laxer forms (fig. 13, curve B). While 
the ranges of variation of the two curves with formula 3a are iden- 
tical, these same curves plotted in terms of number of internodes per 
100 mm, will show ranges of 44.4 and 8.9 internodes for curves A 
and B respectively. This gives the impression that the range of curve 
A is five times greater than that of curve B, which of course is 
erroneous. 

4. Consequently, the standard deviation of formula 3b tends to 
‘imcrease and decrease considerably as the figures of the classes 
increase or decrease. The standard deviations of curves A and B 
(formula 3a) were found to be identical, that is, 0.612 + .036 in both 
cases. As calculated for the other formula (3b) the standard devia- 
tions are 8.093 + .482 and 1.703 + .102 respectively, showing an 
appreciable difference of 7.390 + .492 internodes. 


TABLE 5.—Variation and range of density in Dale Gloria and Amber Longberry 


wheats. 
Dale Gloria. Amber Longberry. Ratio of ranges. 
Formula 3a: 
BAAEIOU, 53s ss i22)£0' 2.3 mm: 3.0 to 5.4 mm. 
alae ee I.I mm. 2.4 mm. 122.28 
Formula 3) 
Memintion.. . 64.0... 83.3 to 43.5 percent | 33.3 to 18.5 percent 


ea 39.8 percent 14.8 percent 720.37 


In nature, the range of variation and the standard deviation of 
length characters, such as those of internodes, spikes, and culms in 
wheat, decreases as the length of the character in question decreases. 
For instance, in comparing the range of variation of density of Dale 
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Gloria (type 6, fig. 14) and of Amber Longberry (type 2) with the 
two formule the results shown in Table 5 are obtained. 

It is seen from the above actual case that the range of density of 
Amber Longberry is over twice that of Dale Gloria (formula 3a). 
On the other hand, as found on the percentage basis (formula 3b), 
the fact seems to be just the reverse. The figures of the percentage 
formula show that Dale Gloria has a range over two and one-half 
times that of Amber Longberry. Is this latter claim justified? Cer- 
tainly not. It can only be said that Dale Gloria varies from 83.3 to 
43.5 internodes per 100 mm. of rachis length and Amber Longberry 
from 33.3 to 18.5. One must bear in mind that a difference of 5 
internodes between classes 15 and 20, for instance, is entirely differ- 
ent from the same difference between classes 85 and go. While a 
difference of 5 internodes between classes 85 and 90 makes a differ- 
ence of 0.07 mm. on the average internode length, the same difference 
of 5 internodes between classes 10-15 Berne a difference of 1.66 
mm., a figure 14.4 times greater. 

ice one confronts another difficulty. What does this standard 
deviation of a distribution such as that of curve A’ (fig. 13) show? 
Briefly, it shows hardly anything, because the standard deviation 
which is meant to show some form of departure above and below the 
mean can not be applied to a distribution where the density values of 
classes, as was shown above, are different. Referring to curve A’ 
(fig. 13) the calculated standard deviation was found to be 8.093 
internodes per 100 mm. rachis length. As 8.093 internodes below the 
mean have a density value several times greater than the value of the 
same number of internodes above the mean, our standard deviation 
thus calculated fails to express the type of deviation which the coeff- 
cient under consideration is expected to show. 

It must not be concluded, however, from the above dachenan that 
expression of density in terms of number of internodes per 100 mm. 
rachis length is itself absurd. On the contrary, it is mathematically 
correct, but it is misleading and does not lend itself easily to the appli- 
cation of statistical methods which are commonly in use. 

What was said above for formula 3b applies also to formule 10, 
2b, and 4, because the principle upon which they work is essentially 
the same. 

Two other formule were mentioned which did not express density 
on the percentage basis. They were formula Ia, where the density 
was found by dividing the number of spikelets into the total length of 
the head, and formula 2a, where the number of spikelets was divided 
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into the length of the rachis. It was already said at the beginning of 
this paper that density found with the first formula (1a) depended 
largely upon the length of the terminal spikelet, the error of which 
would increase with the shortness of the head. As to the second 
formula, it can neither be used in place of formula 3a nor preferred 
over it because the standard taken is not logical. There is no reason 
why density should be expressed by dividing the number of spikelets 
into the length of the rachis, because the rachis itself is not made of 
spikelets but of rachis internodes ; furthermore, the number of spike- 
lets does not correspond to the number of rachis internodes. 

In conclusion it may be said that of all the formule given thus 
far the average internode length represents the best method for 
determining density, as density is dependent directly upon the length 
of the rachis and the number of its units, the internodes, of which it 
is composed. 


2. THE COEFFICIENT OF THE SQUAREHEAD ForMs.? 

The average rachis internode-length which is the best index of 
density suggested has certain limits. It can not bring out the differ- 
ence between a squarehead and a nonsquarehead. A comparison of 
types 2, 3, 4, 5, and 6 is sufficient to show this (Table 6). 


TABLE 6.—Comparison of internode lengths of several types of wheat. 


Type number and species. 


pe eacirement. 2. 7. vul. 3 ZL. uvul- | 45 T..capi--| 5° TF: com- Is St 
gare. gare, tatum. pactum. tatune. 
Rachis length, mm........ 78 61 75 ae 35 
No. of internodes........ 19 17 se) 18 19 
Av. internode length, mm. 4.10 2.50 3.95 2.28 1.84 


We know from the diagrams in fig. 14 that types 4 and 6 are 
_ squarehead forms, but this index of density fails to reveal it. For 
_ instance, the density of type 4, a typical squarehead, is 3.95; it is 
slightly below the internode length of type 2 and above that of type 
_ 3, both vulgare forms. There is no marked difference between the 
internode length of the squarehead and that of the vulgare forms. 

The same inability of distinguishing the squarehead form from a 
-nonsquarehead form is found when the density of the same square- 
head (type 4) is compared with that of the compactum form (type 


_ 8A paper presented at the annual meeting of the American Genetic Associa- 
tion, Berkeley, Cal., August 5, 1915. 
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5). The difference between the squarehead and the other forms is 
not merely a matter of density. Therefore, the use of any formula 
showing mere density is of no value when the object is to bring out 
the character of squareheadedness. | 
The difference between this form and the vulgare form particularly 
is the compactness of the terminal portion of the spike, which is the 
direct result of the shortening of the internodes in that region. On 
account of this shortening, the terminal spikelets mechanically diverge 
(see diagram) in order to have more room for development. As the 
tip of the diverging spikelet is farther from the rachis than that of 
the spikelet lying close to the rachis (type 1), the width of the head 
in the region of shorter internodes is greater than that of the basal 
portion. This widening of the tip has suggested the name of “club.” 
On account of the widening of the tip and some other factors which 
need not be mentioned 


mn, 


90 - in this paper, the head 
80 makes a twisting move- 
70 ment a day or two be- 
60 fore and also during 
50 7 the period of heading; 
gah this twisting draws the 
30_ > terminal spikelets to- 
ae ward one side, exposing 
10. to view one side of the 
me rachis. Where the 

We! roel age a ra tory ile “Da spikelets are drawn 


away the surface ap- 
pears somewhat flat, 
and when the head is 
viewed from this flat 
side it gives the impression that the head is square in cross-section, 
although in reality it is more or less triangular. On account 
of this popular belief heads showing this character are called 
“squareheads.” Because of similar differences in internode length 
one of the species of barley is popularly called “ four-rowed” as dis- 
tinguished from the “ six-rowed,” although there is no such a thing 
as “four-rowed” barley, as a close examination will readily show. 

Let it be pointed out also in this connection that squarehead and 
nonsquarehead forms exist among the denser types. Types 5 and 6 
respectively show this difference. These two forms are now classi- 
fied as Triticum compactum, distinguishing them from T. capitatum, 


Fic. 14. Diagrams showing the arrangement of 
the spikelets on the rachis in several types of 
wheat. 
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‘the squarehead. As the apparent difference and the genetic behavior 
between types 5 and 6 are as marked as those of types 2 and 4, a dis- 
tinction needs to be made. For this reason it is suggested in this 
paper that 7. compactum be used for compact wheats which lack 
_ squareheadedness and 7. compacto-capitatum for compact, square- 
headed forms. The fact that uniform and squarehead forms exist 
in dense as well as in lax types needs be considered in making classi- 
fication of cultivated wheats. 

_ Having discussed the differences between the squarehead and uni- 
_formly dense types, the question arises as to how to express this 
_ difference and all its gradations in terms of a coefficient which may 
_ be adopted in statistical work. 

Since squareheadedness is the result of the shortening of the 
_ terminal internodes, a number of methods were tried to bring out 
this difference. It was found that the ratio between the number of 
- internodes in the middle third of the rachis and the number of inter- 
nodes in the upper third would best express the degree of square- 
headedness. This coefficient of squareheadedness, represented by the 

symbol “Sq,” is found by the formula 


where Sq = coefficient of squareheadedness ; 
I,=number of internodes in the terminal third of the rachis; and 
J,= number of internodes in the middle third of the rachis. 


This formula represents in reality the relative density of these two 
regions. This is elucidated in the following formula: 
# 


R = length of rachis. 


— Cancelling R/3 in both the numerator and the denominator the 
simplified formula already given is obtained. The results shown in 
Table 7 are obtained from the use of this formula. 

_ The new coefficient, it is seen, has brought out very markedly the 
difference between the squareheads and other forms. It shows, for 
instance, in the case of type 3 that there is not much difference 
between the densities of the two regions in question, while in type 4 
the terminal portion is 1.55 times denser than the middle third. It 
is also of special interest to notice that T. compactum (type 5), 
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although dense, was not affected at all. This would naturally be 
expected, for the rachis internodes of the latter are short but more 
or less uniform. 

TABLE 7.—Coefficients of squareheadedness in several types of wheat, as deter- 


mined by the formula, Sq = ) 


Ip" 
Type number and species. 
Rieaeronten Cs 2. I. vul-| 3. T.vud-\4. T. capi-| 5. T. com- pea 
£are. L£are. tatu, pactum, fatune: 
No. of internodes in upper third of 
LACIISN Ma eee enter Beane ee eee 6.2 ey | 8.4 5.8 8.0 
No. of internodes in middle third of 
PACHIGI WY care aca ect Mee tee San hot 5.6 5.3 5 2 5.6 ii 
Coefficient of squareheadedness (Sq.)..! 1.10 1.07 ESS 1.03 1.53 


In describing a compact form the use of density as found in terms 
of average internode length should not be neglected altogether, for 
the new coefficient is meant to represent degrees of squareheadedness 
only. If a clear idea of the shape and length of the head is desired 
the density should accompany this coefficient. Thus, types 4 and 5 
are represented as 

LY Wea = sae te ee Oa ee eee eee S¢ = 5.55 DS 305, 
ESS S . Geaieuk Wher shorn sees ae Or ee Sq = 1.03). Daas 

These figures show that type 4 is a long, open squarehead, and type 

5 a short and dense wheat of uniform internode length.‘ 


When the material to be measured is grown in the greenhouse or 
has certain abnormalities, such as sterile or rudimentary terminal 
internodes or abnormally long basal internodes, it will be found more 
satisfactory to express the density in terms of the average internode 
length of the middle third of the rachis. Where the head develops 
normally, there is no reason why the average internode length of the 
head should not be used. 


3. Tue INSTRUMENT FOR MEASURING SQUAREHEADEDNESS. 


When the density or squarehead coefficient of a large number of 
heads is to be determined, the use of an instrument which will do the 
work rapidly and accurately becomes necessary. An instrument 
devised by the writer for this purpose is shown in Plate 7, and a 

4 Experience has shown that all gradations exist between the squarehead and 


vulgare forms, and the forms which by sight might be classified as squareheads 
have a coefficient almost always above 1.33. 
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working plan, slightly modified, in figure 15. The instrument consists 
of a rectangular wooden base A (fig. 15, top view) over which by 
means of wooden blocks, c and c’, two arms equal in length, p and 7’, 
are supported. The arms are held parallel to each other with a cross 
bar m, the distance between the centers of the rivets + and x’ being 
exactly equal to the distance between centers at 7” and x’” where the 
arms are pivoted. Along the sides of the arms which face each other, 
brass plates, g and g’, are fastened. These brass plates carry five 
pairs of holes large enough for a thread to pass through; three of 
these pairs, 7, 7’ and_r”’, are spaced 1.66 cm. from=each other, as. 
shown in the drawing (side view), so that the last pair, r’’, is 5 cm. 
from the stationary centers 7” or +’; the other two pairs, s and s’, 
are 5 cm. apart from each other. These pairs of holes are perpen- 
dicular to the long side of the plate and therefore parallel to each 
other. Through the corresponding holes on brass plates g and g’ 
which face each other pass waxed silk threads each pair of which is 
held in tension by coil springs, h, h’, etc. The details of this arrange- 
ment are shown in the lower right-hand corner of figure 15. 

The first set of threads, s’—s’, s—s, and r’’-’’, divide the distance 
between the cross thread s—s’ and the imaginary base line O—O’ into 
three equal parts by parallel planes of vision which pass through each 
pair of threads. The distance between imaginary line O—O’ and r”—r"" 
is also divided into three equal parts by a second set of threads, r’-7’, 
and rv-r. When the arms of an accurately constructed instrument are 
in normal position, as shown in full lines in the drawing, the threads 
s’,s,r”, rv, r, should register on the metric scale 15.00, 10.00, 5.00, 2.33, 
and 1.66 cm., respectively. By moving the arms towards the right 
to the position shown in dotted lines, for instance, the movable parts. 
assume the form of a parallelogram. As the distance between s’—s’ 
and O-O’ decreases, the distance between each pair of threads 
decreases also in the same ratio; the threads of each set, therefore, 
remain always equidistant and parallel to each other. ‘These are the 
principles upon which this instrument is constructed. 

The manipulation of the instrument just described is extremely 
simple. If the length of the rachis is less than 5 cm. the lower set of 
threads (r’’-7’, r'-r', r-r) is used for dividing the head into three 
equal parts, otherwise the upper set (s’-s’, s—s, r’’-r’’) is used. The 
culm of the head to be measured is held firmly with a clasp provided 
for this purpose, and the base of the rachis brought in line with the 
imaginary line O-O’ (fig. 15). In the drawing this line is repre- 
sented by the upper edge of the block g and in the illustration (Plate 


parts are swung so that cross thread s’—s’ is in line with the tip of the 


ahs 


rachis (fig. 15). The spike is thus divided into three equal parts. 
‘As the formula for the squarehead form calls for the counts of the 
number of internodes in the upper and middle third of the rachis 
only, these data only need to be taken. In the case of the head in the 
illustration, the upper third contains 13 rachis internodes and the 
middle third 6.4; the coefficient of the squarehead form is therefore 
13 + 6.4 = 2.03. 
- Such data are usually accompanied with the average internode 
length. Therefore the length of the rachis registered by the upper 
cross thread on the metric rule is also recorded and the count of the 
total internodes made later, or if the material is such that the average 
internode length does not give a satisfactory index of the compact- 
ness, as in the case of some deformities of the basal rachis internodes, 
then the third of the length of the head as registered by cross-thread 
r’-r" is recorded. In this case it is not necessary to count internodes, 
-as the count of the internodes at the middle third has already been 
recorded. According to the formula this latter figure is divided into 
the third of the length of the rachis and a figure is obtained which 
shows the average internode length of the middle third of the rachis. 
This instrument, then, performs simultaneously three operations: 
(1) It divides the rachis into three equal parts, (2) it registers the 
length of the rachis, and (3) it registers the third of the length of 
the rachis. 
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THE MOISTURE CONTENT OF HEATING WHEAT.! 
CG Hy Baimay- 


During the latter part of July and first half of August, 1916, an 
unusually large proportion of the wheat sampled by the Minnesota 
Grain Inspection Department was found to be in a heating condition. 
Several hundred cars of heating spring wheat were received at Min- 
neapolis, in addition to large quantities of other cereals. The con- 
dition of this grain varied from incipient heating to a badly bin- 
burned or mahogany-colored character. 

The weather from the middle of July to the middle of August, 
1916, was characterized by unusually high temperatures. The mean 
of the maximum daily temperatures for July, 1916, at Minneapolis 
was 88.3° F., while the same record for July, 1915, was 75.5°. Simi- 
larly, the mean of the maximum daily temperatures for August, 1916, 
was 81.7° F., while the same month of the preceding year it was 75.0°. 
This hot, weather induced heating in grain which would have remained 
sound under normal conditions. It is known that a high tempera- 
ture accelerates respiration in grain, which respiration, if sufficiently 
rapid, results in the phenomenon known as heating, or bin-burning. 
If the enzymic changes known in the aggregate as respiration follow 
the usual rules with regard to the relative acceleration of enzyme 
activity resulting from an increase in temperature, an increase of 
from two and a half to three times in the rate of respiration should 
result from a rise of 18° F. (10° C.) in temperature. This would 
effect a corresponding increase in the amount of heat developed as 
the result of the biological combustion or oxidation which constitutes 
an important part of respiration. Moreover, a smaller proportion 
of the heat developed is radiated or conducted from heating grain 
into a surrounding hot atmosphere than into cool air. Accordingly, 
hot weather accelerates heating in grain in two ways, biochemically 
through the effect on the rate of enzyme action, and physically by 
reducing the rate of conduction of heat into the atmosphere. 

Rumors became current in Minneapolis that “dry” wheat was 
heating as readily as the damp grain. In order to ascertain the accu- 
racy of such statements and to determine the actual moisture content 


1 Contribution from the Minnesota Grain Inspection Department Laboratory. 
Received for publication January 27, 1917. 
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of heating grain, the writer personally examined and analyzed the 
‘samples drawn from a large number of cars. Mr. Albert Nelson was 
detailed to assist in the investigation and his painstaking, accurate 
work contributed materially to its progress. 
For the purposes of our work it was found most convenient to 
visit the sidings of certain of the grain hospitals engaged in condi- 
tioning the hot wheat, in order to gain access to the largest possible 
number of cars each day. During the 14 days from August 3 to 16 
about 70 cars of various types of heating wheat were examined in 
this manner, in addition to a number of lots of other grain. 
These studies served to emphasize the necessity of placing the sam- 
ples in tight containers as soon as drawn from the bulk. In hot 
weather a 3-pound sample in a cloth sack will lose several tenths of 
I percent of moisture while it is being transported from the yards to 
the office, and if left in the sack over night the loss of moisture may 
_ amount to several percent. A failure properly to prevent evaporation 
from this grain was probably the cause of the erroneous ideas con- 
cerning the moisture content of some of the heating wheat. All the 
samples taken in this work were placed immediately in 4-ounce glass 
bottles which ‘were tightly stoppered. These were not opened until 
a portion was weighed into a covered aluminum drying capsule. The 
moisture was determined by drying the unground kernels in an air 
oven at a temperature of 98° C. 
In tabulating the data the samples were arranged in order of their 
moisture content, and are grouped with a range of five-tenths of I 
percent of moisture in each group. Such information as was fur- 
nished by the railroad companies concerning the source of the grain 
_and the date on which it was loaded into cars was incorporated in the 
table. In a few instances no such record could be obtained. No 
information concerning the previous history of the grain before it 
was loaded into the cars could be gotten. It is probable, however, 
that in many instances the grain was in a heating condition before it 
_was shipped. : 
In discussing these data with members of the grain inspection 
‘service the question was raised as to how much moisture may have 
been lost by evaporation from the heating mass. Undoubtedly some 
loss had occurred in this manner from many of the lots examined. 
The amount of loss depends in large part upon the temperature which 
it had reached and the length of exposure. With the data available 
any estimate of the loss would be pure speculation, and no attempts 
were made in that direction. One thing appears evident, however ; 
‘the moisture content of sound, plump spring wheat must be above 
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TABLE 1.—Moisture content and other data relating to heating wheat sampled 
at Minneapolis, Minn., August 3-16, 1916. 


LESS THAN I4 PERCENT MOISTURE. 


Dock- | Weight | Weight Days 

a Moisture. Ree Det Pet, a Consigned from — Rete Berney inthe 

: * | kernels. : 
Percent.| Lbs. | Lbs. |Grams. 

Tr9a@ |. 13:50 2 57 26.64 | Langdon, N. Dak. July 19| Aug. 12) 24 
46a | 13.78 23 55% | 23.16 | Gibbon, Minn. July 20} Aug. 3] 14 
14.01 PERCENT TO 14.50 PERCENT MOISTURE. 

{ 

T42a | 14.04 2 52 19.56 | Eureka, S. Dak. July 28| Aug. 14} 17 
85a | I4.1I 3 53 24.76 | Pierpont, S. Dak. July 29|Aug. 8] 10 
Q4a | 14.19 As — 21.24 | Pioneer Steel Elevator | July 11| Aug. 9| 29 
88a | 14.21 25 54 | 21.60 | Tracy, Minn. Aug. 1t|Aug. 8 7 
84a | 314.27 I 50 17.16 | Victoria Elevator July 29|Aug. 8] t0 
43a | 14.34 2 — | 27.76 | Perella, N. Dak. Aug. 3 
89a | 14.34 13 55 | 27.96 | Brittin, N. Dak. July 26) Aug. 8| 13 
99a | 14.36 13 59 | 27.48 | Dunn Center, N. Dak. | June 27| Aug. 9| 43 
720") TAAS I 56 23.62 | Timmer, N. Dak. July 20|Aug. 7| 18 

I43@ | 14.43 23 55 24.52 | Longwood, N. Dak. Aug. 4|]Aug. 14] 10 

Il6a | 14.44 Iz — | 32.80 | Mowbray, N. Dak. Aug. 2/|Aug. II 9 
q507| sL4eA5 23 — | 24.20 | Killdeer, N. Dak. July 26|Aug. 7] 12 

TI5a | 14.49 IZ 54 22.60 | Marfield Elevator July 28|/Aug. rr] 14 

14.51 PERCENT TO 15.00 PERCENT MOISTURE. 

Ii4@ | 14.52 13 563 | 23.44 | Doland, S. Dak. Aug. 2/Aug. 11] 9 
73a | 14.56 = 55 24.62 | Calumet Elevator july 27) Aug 97 \0 27 

I4ia | 14.56 t= — 28.68 | No record Aug. 14 
96a | 14.60 I 54 29.52 | Demming, N. Dak. Aug. 1|Aug. 7 6 
50a | 14.66 25 — | 17.58 | No record Aug. 3 

146a | 14.68 Iz oa 27.56 | Marfield Elevator July 29; Aug. 15| 17 
49a | 14.70 13 54 20.02 | Eureka, S. Dak. July 17| Aug. 3] 17 

W23a.| 14.77 — —- 25.16 | No record Aug. 12 
g7a | 14.81 4 53% | 23.00 | Dickinson Elevator Aug. 2/Aug. 9 7 

LLS@-| 14.63 3 55 20.96 | Wilton, N. Dak. July 23|Aug. 11} 19 
74a | 14.86 5 56 | 25.38 | Kansas City, Mo. July 27| Aug. 7] 11 
77a | 14.88 — on 18.90 | Platte, S. Dak. June 30|Aug. 7| 38 

I24a | 14.94 3 56 28.24 | Kempton, N. Dak. Aug. 5|Aug. 12 7 
80a | 14.97 4 57 | 27.84 | Lawton, N. Dak. July 31) Aug 7) 4 
44a | 14.98 2 — 25.72:| Talmo, Ni. Dak. July 15|Aug. 3] I9 

12Ta@ | 15.00 2 ' 563 | 24.64 | Bixby, Minn. Aug.. 8|Aug.12| 4 

15.01 PERCENT TO 15.50 PERCENT MOISTURE. 

Q2a | 15.02 F 55 28.52 | Wall, S. Dak. |Aug. 2|Aug. 9 7 
I25a@ | 15.06 4 55 24.80 | Killdeer, N. Dak. July 26} Aug. 12] 17 
Hora: | 1s -L1 I 57 29.56 | Wales, N. Dak. July 28|Aug. 9| 12 

Big | ose Ls 63 47 | 14.52 Aug. 3 
T44a | 15.15 I 52% | 22.44 | Glenville, Minn. Aug. 8| Aug. 15 7 

73a. |. 25.18 4 58 | 30.12 | McHenry, N. Dak. July 26|Aug. 7) 12 
TAGa™ || 15.30 23 — | 26.08 | Phelps, N. Dak. Aug. 3|Aug. 16! 13 
106@ | 15.34 I 59 28.72 | Marfield Elevator July 26} Aug. Io} I5 

FOG. 4) LS.A0 a 56 26.74 | Lawton, N. Dak. July 26) Aug. .7) 22 
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OVER I5.51 PERCENT MOISTURE. 


Lab. A Dock- | Weight iin : Date Date | I Jays 
No, | Moisture. | age per| per 1,000 Consigned from— loaded. | sampled, |i” the 
bushel. | bushel. | ,ernels. car 
Percent.| Lbs. | Lbs. |Grams. 
toga | 15.52 3 54 | 22.08 | Hazelton, N. Dak. Aug. 1|Aug.10| 9 
Ir0@a | 15.54 I — 30.36 | Gwinner, N. Dak. Aug. 3| Aug. 10 Y | 
45a | 15.56 2} — | 19.24 | No record Aug. 3 
I22a | 15.59 3 55 | 22.92 | Eureka, S. Dak. Aug. 4|Aug.12| 8 
-t12a | 15.68 — — | 27.92 Aug. to 
147a | 15.66 3 52 20.88 | Ashley, N. Dak. Aug. 10| Aug. 16 6 
93@ | 15.70 5 56 | 30.28 | No record Aug. 7 
145a | 15.87 3 — | 18.92 | Westfield, Iowa Aug. 7| Aug. 15 8 
126a | 16.15 2} 56 | 25.84 | Coteau, N. Dak. July 28|Aug. 12! 15 


the normal (about 13.75 percent) before heating ensues, even under 
the extreme conditions of the hot summer weather of 1916, as there 
is no reason to believe that there was any material increase in the 
moisture content after the grain started to heat. Two samples were 
taken from heating wheat which contained less than 14 percent of 
moisture but neither of these were normal grain. Sample 119a was 
frosted, while 46a was shriveled. It will be observed that all the 
_ heating samples containing less than 14.3 percent of moisture were 
shriveled, with a low weight per bushel, indicating a greater tendency 
on the part of such grain to heat. Since all of the normally plump 
spring wheat that heated contained over 14.3 percent of moisture, and 
there is reason to believe that the moisture content before heating 
commenced was higher, the writer concludes that sound, plump, hard 
wheat containing less than 14.5 percent of moisture will keep without 
heating in storage in a temperate climate. A lower moisture limit 
must be employed in storing shriveled or frosted wheat, and possibly 
with sound, plump wheat in a tropical climate. 


Minnesota GRAIN INSPECTION Derr. LABORATORY, 
MINNEAPOLIS, MINN. 
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AGRONOMIC-AFFAITRS: 


NEW BOOKS. 


Organic Agricultural Chemistry (The Chemistry of Plants and Ani- 
mals). By Joseph Scudder Chamberlain, Professor of Agricultural 
Chemistry, Massachusetts Agricultural College. The Macmillan 
Co., New York, 1916. Pages xvii plus 3109. 

The subject matter of this book is divided into three sections en- 
titled, respectively, Systematic, Physiological, and Crops, Foods and 
Feeding. 

The first section includes what is the first satisfactory survey which 
is known to the reviewer of the general and fundamental principles 
of organic chemistry from the viewpoint of the student or instructor 
who desires to make use of the subject for the study of plant and 
animal life rather than for advanced study of organic compounds and 
relationships of scientific interest. The presentation, though neces- 
sarily brief and including only those types of carbon compounds which 
are involved in nutritional or physiological processes, is carefully 
worked out and is sufficient for most collegiate students of plant, 
animal, or human nutrition. The omission of any discussion of the 
closed-ring compounds is a sacrifice to brevity which will make neces- 
sary some supplemental instruction, if the physiological function of 
certain important units of the proteins is to be understood. The post- _ 
ponement of the discussion of the “unsaturated compounds” to the 
last pages of the section makes the consideration of the chemistry of 
the fats and of certain of the alcohols and mixed compounds rather 
inadequate, and an earlier consideration of these would improve the 
whole section. But these are only minor faults in what is otherwise a 
very satisfactory arrangement and choice of subject matter. 

The second section deals, in successive chapters, with enzymes and 
enzymatic action; the living cell and its food; animal food and nutri- 
tion; milk, blood, and urine; and plant physiology. The departure 
from the usual custom, namely, the consideration of the nutrition of 
animals before the study of the biochemistry of plants, is considered 
by the author to emphasize “the real difference between these two 
forms while retaining the idea of fundamental similarity.” The re- 
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viewer prefers the customary arrangement of studying first the syn- 
thesis of organic matter from its elements by plants, followed by the 
more complex syntheses and reactions which constitute animal metab- 
olism, but recognizes as a commendable feature of the innovation 
that the unity rather than the dissimilarity of these two phases of bio- 
chemistry is emphasized. The subject matter of this section, though 
brief and simply presented, is admirably selected and will prove an 
excellent preparation for further studies of practical nutritional 
problems. 

Section III contains two chapters dealing with the occurrence and 
uses of important constituents in agricultural plants, in which the 
composition of the more common carbohydrates, fats, lipoids, and 
proteins, and their industrial and nutritional uses are briefly discussed. 
A third and final chapter contains a very brief but carefully prepared 
- discussion of the quantitative relations of food consumption to energy 
production in the animal body. The subject matter of the entire sec- 
tion carefully avoids controversial discussions and presents in an ad- 
mirable way a clear and satisfactory survey of the biochemical prin- 
ciples involved. 

The book contains a few typographical errors, which will undoubt- 
edly be corrected in later editions, but is commendably free from mis- 
statements or confusing personal idiosyncrasies of expression or form. 
It is bound uniformly with the familiar Macmillan series, and the 
absence of illustrations has permitted it to be printed on the desirable 
rough surface book paper. The reviewer predicts a very general use 
of the book as a textbook for college students who are preparing for 
further study of animal or human nutrition, and regards it as a thor- 
oughly satisfactory text for that phase of agricultural chemistry which 
may be designated as “ biochemistry ” to distinguish it from the study 
of soils and fertilizers, which is now commonly taught as a separate 
subject and from an entirely different viewpoint—R. W. THATCHER. 


.NO SUMMER ISSUES OF THE JOURNAL. 


As announced earlier in the year, the JouRNAL OF THE AMERICAN 
Society oF AcRronomy will not be published during June, July, and 
August. The next issue will appear about September 15. While 
monthly issuance is desirable, our present income does not justify it. 
Those who feel that the publication of twelve numbers during the 
year is desirable can help in making such publication possible by ob- 
taining new members for the Society. We need 100 more members 
this year. 
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MEMBERSHIP CHANGES. 


The membership of the Society, as reported in the April issue, was 
663. Since that time 13 new members have been added and one has 
been reinstated. In the same period 4 members have resigned, 1 has 
died, and 29 have lapsed for nonpayment of dues for 1916. The net 
loss in membership is 20, making a total membership at this time of 
643. The names and addresses of the new and reinstated members, 
with the names of those who have resigned and lapsed and of the 
deceased member, with such changes of address as have come to the 
notice of the Secretary, are as follows: 


New Members. 


BootH, V. J., 318 West Street, Stillwater, Okla. 

Darst, W. H., Dept. of Agronomy, State College, Pa. 

Dickson, R. E., Substation No. 7, Spur, Texas. 

FREEMAN, Ray, Box 255, Fort Worth, Tex. 

Hit, C. Epwin, Eastern Oregon Dry-Farming Substation, Moro, Oreg. 
Hii, Pore R., Box 625, Athens, Ga. 

Mitton, R. H., Clarksville, Tenn. 

Ropinson, R. B., Box 272, Stillwater, Okla. 

Taccart, J. G., School of Agriculture, Olds, Alta., Canada. 

Torcerson, E. F., 654 Agricultural Bldg., University of Illinois, Urbana, III. 
Trout, C. E., Bur. Plant Indus., U. S. Dept. Agr., Washington, D. C. 
Van Evera, R., 16 Mendota Court, Madison, Wis. 

Van Nuis, C. S., College Farm, New Brunswick, N. J. 


MEMBERS REINSTATED. 


Srarr, S. H., College of Agriculture, Athens, Ga. 


MemBerS RESIGNED. 


Henprick, H. B., Morse, FreD W., Peacock, WALTER M., 
ScALES, FREEMAN M. 


MempBers LAPSED. 


BASSETT. &. EB; HotianpD, Rost. E., Rem, Harotp W., 
Benton, T. H., Hueues, H. D., Rupbo.rH, E. G., 
Brown, C. B., Kuanxemoje, P.:S, Scupper, H. D., 
CasseL, Cuas. E., Kinney, H. B., SHIFFLER, C. W., . 
CHAPMAN, JAS. E., LEcHNER, H. J., SPAFFORD, R. R., 
CLotHiErR, R. W., Lumpsrick, ARTHUR, Tarr, 2. a 
Currey, Hiram M., McNEELY, L. R., Tucker, Geo. M., 
Damon, S. C., Newton, Rosert, Witson, Bruce S., 
GILBERT, ARTHUR W., Prper, Gro. E., Worra., Lioyp. 


HERSHBERGER, Jos. P.,jR., Powers, W. L., 
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MemeBer DECEASED. 


Younc, YUNGYEN. 


ADDRESSES CHANGED. 


Assott, Joun B., R. F. D., Bellows Falls, Vt. 

AutyNn, Orr M., Fergus, Mont. 

Beaumont, A. B., Dept. of Agronomy, Mass. Agr. College, Amherst, Mass. 
Bett, N. Eric, Ashville, Ala. 

Brices, Gren, U. S. Agr. Expt. Sta., Agana, Guam. 

Busuey, A. L., 210 Waldron St., La Fayette, Ind. 

Conrey, G. W., Soils Dept., Ohio State University, Columbus, Ohio. 
FINNELL, Howarp H., Box 118, Hartshorne, Okla. 

Foorp, Jas. A., 3 The Circle, Ithaca, N. Y. 

-Lonemany, O. S., Deloraine, Manitoba, Can. 

Lyness, W. E., Cheyenne Field Station, Archer, Wyo. 

Mites, F. C., Union Grove, Wis. 

Moomaw, Leroy, Havre, Mont. 

Morison, A. T., Connersville, Ind. 

OsensBurcG, ALBERT, Scottsbluff Expt. Farm, Mitchell, Nebr. 

Parmer, H. Waynes, 175 12th Ave., Columbus, Ohio. 

Wetcu, J. S., L. D. S. Maori Agr. College, Hastings, N. Z. 

ZerBAN, F. W., German Kali Works, Propaganda Dept., 42 Broadway, New 
ork, N.Y. : 


NOTES AND NEWS. 


John L. Bayles, assistant in agronomy at the Garden City (Kans.) 
‘substation, has resigned to accept a position in the agricultural de- 
partment of the St. Louis and San Francisco Railroad Company. 


M. A. Brannon has resigned as president of the University of 


Idaho. 


Glen Briggs of the Oklahoma college has been appointed agronomist 
of the United States experiment station on the Island of Guam. 


I. D. Cardiff has resigned as director of the Washington station. 
His successor has not yet been named. 


W. H. Johnson, assistant in the soils section at the Iowa station, is 
pursuing graduate studies at the University of Wisconsin. His work 
at the Iowa station is being conducted by Knute Espe. 


_ Frank C. Miles, assistant in fiber crops in the U. S. Department of 
Agriculture, has resigned to engage in commercial work in fiber pro- 
duction at Union Grove, Wis. 


A. T. Morison, assistant in crop production at the University of 
Illinois, since April 15 has been county agent in Fayette County, 
Indiana. : 
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J. A. Ratcliff has resigned as assistant professor of experimental 
agronomy in the University of Nebraska, effective April 1, to engage 
in farming in Oklahoma. 


The Secretary of Agriculture has appointed a Committee on Seed 
Stocks, of which R. A. Oakley is chairman. This committee hopes 
to act as a clearing house for seed supplies, particularly State short- 
ages and surpluses. Agronomists who know of surplus stocks of 
seed which are not needed locally but which are likely to be useful else- 
where will confer a favor on the Committee by sending definite in- 
formation to Mr. Oakley regarding them. This information will then 
be transmitted to those who report shortages. The Committee does 
not intend to interfere with State activities looking toward the equit- 
able distribution of seed supplies, but hopes to aid the State organiza- 
tions in locating stocks and in making these available where they are 
most needed. 


JOURNAL 


OF THE 


American Society of Agronomy 
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BRRATA. 


Wherever the formula (NH,OH).,SO, appears in Tables 1 and 2, 
read (NH,),SO,. This error was made by the editor in preparing 
the paper for printing, in attempting to substitute a chemical formula 
for the author’s abbreviation “ Am. sul.” in the tables. The editor 
unfortunately has made little use of chemical formulas in recent 
years and at the time this paper was prepared for publication he was 
on a long field trip on which he did not have access to chemical text- 
books. The error was detected by the author in reading proof, but 
his correction was not forwarded to the editor in the field and conse- 
quently the change was not made before the pages were printed. 
The editor sincerely regrets the error and offers his apologies to the 
author and to the reader. 


C. W. W. 
Sept. 20, 1917. 


A new wheat recently distributed in a limited way by the Kansas 
station has been giving such consistently good results in comparison 
ith the standard varieties generally grown throughout the State that 
a brief statement of its yields and milling value, its history, and the 


-1Contribution from the Kansas Agricultural Experiment Station. Received 
for publication February 24, 1917. 
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A NEW WHEAT FOR KANSAS. 
W. M. JARDINE. 
INTRODUCTION. 


Attempts to improve farm crops by selection and breeding so often 
prove disappointing that the discovery or production of a really su- 
perior strain is always welcomed. Frequently a strain which prom- 
ises well the first few years fails to sustain its record in later years, 

_ and conversely, many which show little promise in the beginning give 
good results later. In other words, while it is comparatively easy to 
isolate strains which are superior to the best varieties in certain points, 
it is very seldom that one is found which proves superior in all essen- 
tial respects and which, therefore, under a wide variety of conditions, 
produces better yields or better quality of grain, or both. 

Moreover, it is not easy to prove the superiority of a strain which 
fluctuates widely in yield or quality from year to year with respect to 
Other varieties. If it yields better than other varieties in some 
seasons, it is not safe to say that it is the best variety, even though the 
average for several years is significantly higher, since the compara- 
tive value will depend on the frequency of those seasons to which it 
is especially adapted and this cannot be determined without testing 
for a longer period of time than is usually done. 

_ A new wheat recently distributed in a limited way by the Kansas 
_ station has been giving such consistently good results in comparison 
with the standard varieties generally grown throughout the State that 
a brief statement of its yields and milling value, its history, and the 


Rt 1 Contribution from the Kansas Agricultural Experiment Station. Received 
¥ for publication February 24, 1917. 
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methods by which it was obtained may prove of interest and value to 
others engaged in similar lines of work. 


ORIGIN AND HIsTory. 


The new wheat, which has been named Kanred,? is the product of 
a single head selected in 1906 from Crimean (No. 1435 of the Office 
of Cereal Investigations, United States Department of Agriculture) 
by the Department of Botany of the Kansas State Agricultural Col- 
lege. In the fall of 1906, 554 head selections were sown and the fol- 
. lowing season 451 were harvested. These and 79 additional selections 
were sown in the fall of 1907, each strain in a single row with alter- 
nate check rows of Kharkof. Five hundred and thirty-three selec- 
tions were harvested in 1908; 122 of these were selected for increase. 
Ten rows of each were sown in the fall of 1908, each row alternating 
with Kharkof as in the preceding season. FEighty-nine of these selec- 
tions were harvested, sown in nursery rows as before, and turned 
over to the agronomy department with about 100 other strains in June, 
1910, for further trial. | 

From I9I1I to 1916, inclusive, several of the most promising selec- 
tions, including Kanred, were grown in field plots on the agronomy 
farm. Single plots were grown in I91I and 1912. Beginning with 


2 Kanred wheat is a product of the Kansas Agricultural Experiment Station 
and can not be credited to any single individual. It was selected by Professor 
H. F. Roberts of the botany department in June, 1906, with over 500 others and 
was grown by him in nursery rows in 1907, 1908, and 1909. It was transferred 
to the agronomy department in I910 with nearly 200 other strains, 89 of which 
were thought to be of superior merit, for further trial and has been grown by 
that department and its farmer cooperators until the present time. 

The author in the capacity of agronomist took charge of the cereal crop im- 
provement work in June, 1910, when the present work except as noted above 
was started. First as agronomist and later as director of the station it has 
been his special care to keep the various phases of the work correlated and 
allow none of them to lapse because of neglect or changes in personnel. 

Credit is due to Professor L. E. Call, who, as agronomist, has supported the 
work in a most commendable way; to Prof. S. C. Salmon, who has had charge 


of the cereal improvement work since 1913; to Mr. H. H. Laude, who had > 


charge of the details of the ‘cereal improvement work in I9II and 1912; and 
to Mr. R. K. Bonnett and Mr. R. P. Bledsoe in the same capacity in 1913 and 
in 1914 and 1915 respectively. 

Special mention is due Mr. C. C. Cunningham and Mr. Bruce Wilson for 
efficient and careful work in conducting the cooperative tests with farmers; 
and to Professor L. A. Fitz and Miss Leila Dunton for conducting the milling 
and baking tests and chemical analysis of the wheat and flour. 

Credit for assistance in the preparation of this manuscript and assembling 
the data used is due to Prof. S. C. Salmon. 


JARDINE: A NEW WHEAT FOR KANSAS. 259 


1913, three fortieth-acre plots of each variety have been grown, the 
plots being distributed over the area used for the test to reduce the 
experimental error. Since 1914 the Kanred has been grown on the 
substation at Hays, Kans., and in cooperative tests with farmers 
throughout the hard winter wheat belt. It has been grown at the 
substations at Colby and Garden City, Kans., since 1915. Milling 
and baking tests and chemical analyses of the most promising strains 
at Manhattan have been made each year since 1912. 


CHARACTERISTICS. 


The wheat in question is a hard winter variety, characterized by 
the presence of awns, whitish, glabrous glumes, and reddish grain of 
the well-known Crimean or Turkey type. In habit of growth and 
general appearance the plant and grain cannot be distinguisned from 
Turkey and Kharkof unless it be in minute botanical differences which 
have not been determined. It usually heads and ripens somewhat 
earlier than Turkey and Kharkof, but this difference is not sufficiently 
constant for identification. 


YIELD. 


The early records secured by the Department of Botany indicated 
the superiority of Kanred as compared with the varieties usually 
grown. However, it was not until it had been grown in field plots for 
six years and in cooperative tests with farmers in many parts of the 
State that its value was felt to be fully demonstrated. In both sea- 
sons in which it was grown in nursery rows it yielded considerably 
better than the adjoining check rows, although less than other selec- 
tions grown with it. In 1908 it produced 29.5 percent and in 1909 
Over 30 percent more grain than the check rows of Kharkof. The 
difference has been somewhat less when grown in field plots. The 
yields and other agronomic data secured in the tests on the agronomy 
farm with Kanred, Turkey, and Kharkof are shown in Table 1. 
The Turkey and Kharkof strains are those which have been grown by 
the college for many years and have been widely distributed to 
farmers throughout the State. 

It will be seen that the average yield of Kanred is 4.6 bushels higher 
than that of Turkey and 5.2 bushels higher than that of Kharkof. 


_ It has exceeded these varieties in yield in every year but one, and in 
that year the difference was less than the experimental error. In 


nearly every season the new variety has headed and ripened earlier 
than the other varieties mentioned. The average difference is from 


one to over two days. The average weight per bushel of Kanred 
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is 0.3 pound less than that of Turkey, and 0.9 pound higher than that 
of Kharkof. The difference is probably within the error of deter- 
mination. 

The probable error of the yield in each case where more than a 
single plot was grown has been computed and is included in the table, 
but great weight should not be given a probable error determined from 
three plots only as is the case here. Considering the large differences 
in favor of Kanred in 1912 and again in 1916, and the very great 
chances against a variety producing better than two others of like 
yielding ability in five years out of six, there can be little doubt as to 
the superiority of Kanred for this period and for the conditions 
under which it was grown. 


TABLE I.—Yield and other agronomic data recorded on Kanred, Turkey, and 
Kharkof at Manhattan, Kans., in the six years from I91I to 1916, inclusive. 


YIELD IN BUSHELS PER ACRE, 


Differ- 
ence 
Variety. Igri. 1gt2. 1913. TQ14. IQI5. 1916. Average. pared 
with 
Kanred. 
Kanred..| 34:6 | 19.8 37-1 =+:1.14/35-22 .906| 26.0+.04 |33:0= Ze ic 1 
Surkey: >.) SET 13.2 |33.6+1.59 36.1 41.09] 23.04.05 |22.2 41.39 26.5 —4.6 
Kharkof..| 26.1 | 11.9 |33.8+ .63 36.0+ .71! 22.9+.05 |24.6+1.78 25.9 —5.2 
DATE HEADED. 
Kanred . / May all | May 17 | May 22 | May 24 | May 25 | May 21.8 
Turkey .. do | May 18 | May 24 | May 25 | May 26 | May 22.8; 1.0 
Kharkof. | do | May 19 | May 25 do do May oe a 
DATE RIPE. 
Kanred . ’ June x | | June 17 | June 15 | June 30 | June 27 | June I9 | 
Turkey ..; June 8 June 18 ; June 17 |} July 2 | June 29 | June 20.8 1.8 
Barco! do | do | do July 3 June 30 | June ree ae 
WEIGHT PER BUSHEL, POUNDS. 
Kanred . ; 60.5 (62.5 S710 | 59.0 | 7.0 | 59.3 | 59.2 | 
Turkey ..) (62:0. 160.5 57:00" 45) “OO | 55.0." |, ome | 59.5 a 
hate. 61.8 57.3 [ofc tae ary 54.0 | 59.0 58.3 — .9 


Very similar results were obtained in tests at the substations. The 
yields for Kanred at the substations, compared with Turkey or Khar- 
kof, or both, are shown in Table 2. 

No yield record was obtained at Hays in 1915, as extremely wet 
weather caused the grain to lodge so badly that accurate data could 
not be gotten. In each case the best strains of Turkey and Kharkof 


. 
4 
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grown at each station are included for comparison. In every test 
and in every year but one, Kanred outyielded Turkey and Kharkof. 
The average difference at Hays is 3 bushels, at Colby 2.8 bushels, and 
at Garden City 1.7 bushels. At Garden City in 1915 Kharkof and 
Kanred produced practically the same yield. 


TABLE 2.—Annual and average yields in bushels per acre of Kanred, Turkey, 
and Kharkof wheats at three substations in Kansas, 1914 to 1916. 


Yield in bushels per acre. 
Station and variety. i 9 ag - TPs : ; = 
Igr4. IgIs. 1916, Average. 

Hays, Kansas: 

oo Sa eee 25.6 36.4 31,0 

a 23.3 32.7 28.0 
Garden City, Kansas: 

Se 75 A E72 16.3 

OS 13.8 ne. 14.6 

(OS ae 15.5 E23 14.4 
Colby, Kansas: 

PMI ee ere ee es 34.3 42.6 38.5 

Lo 33.8 28.8 25:3 


@ Average of three tests. 


Kanred was included in ten tests with farmers in the hard winter 
wheat belt in 1914, in 25 tests in 1915, and in 21 tests in 1916. In 
most cases Turkey and Kharkof from the college were included and 
also the variety used for seeding the general fields of the farmer con- 
ducting the test. In all cases this local variety was a hard winter 
wheat of the Crimean type and in many cases was the product of 
seed originally obtained from the college. These tests were conducted 
by seeding a plot one or two drill widths wide and of convenient 
length. The yields were determined by the hoop method to be de- 
scribed later. On account of the considerable space required the 
tabulated data showing the results in detail are omitted here. 

In 1914 Kanred produced a higher yield than the local variety in 
nine tests of the ten that were conducted, and in the tenth, the dif- 
ference was less than a quarter bushel. It also exceeded Turkey 
and Kharkof in every test but one and in this the difference was 
small. The average for all tests in 1914 show a gain of 3.4 bushels 
as compared with the local variety, of 2.5 bushels compared with 
Turkey, and of 3.2 bushels as compared with Kharkof. , 

In 1915 Kanred produced a higher yield than the local variety in 19 
of the 23 tests which included both; higher than Turkey in 18 of 23 
tests; and higher than Kharkof in 19 out of 24 tests. The average 
of those tests which included all four varieties shows a gain of 3.5 
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bushels compared with the local variety, 2.0 bushels compared with 
Turkey, and 4.5 bushels compared with Kharkof. The results for 
I9I15 are somewhat more erratic than in 1914, due perhaps to the ex- 
cessively wet season and considerable damage from disease and 
lodging. 

There was but one test in 1916 in which a distinctly larger yield 
was secured from the local variety than from Kanred. In two tests 
practically the same yields were secured from each, while in 18 of the 
21 tests conducted Kanred produced decidedly the most grain. 
Kanred gave higher yields than Turkey in all tests but two and in one 
of these the difference was well within the limits of experimental 
error. It produced higher yields than Kharkof in every test but one. 
The average gain was 6.2 bushels compared with the local variety, 5.9 
bushels compared with Turkey, and 6.5 bushels compared with 
Kharkof. The superiority of Kanred was especially apparent in the 
north central and northeastern counties, where considerable winter 
injury to other varieties occurred. 

To summarize, Kanred has given an average gain compared with 
Turkey of 4.6 bushels at Manhattan, 3.4 bushels in all tests at the 
substations, and 3.6 bushels in cooperative tests with farmers, or an 
average difference for all tests of 3.7 bushels. It has exceeded Khar- 
kof by 5.2 bushels at Manhattan, 5.1 bushels in cooperative tests with 
farmers, and an average of 4.7 bushels for all tests. In the 54 co- 
operative tests with farmers which included the local variety, it gave 
an average increase of 4.4 bushels over the local strain. In all tests 
conducted it has exceeded Turkey in yield 59 times out of a possible 
66, Kharkof 51 times out of a possible 58, and the local variety grown 
in cooperative tests 49 times out of 54. 


EARLINESS AND CoLD RESISTANCE. | 


Kanred has headed and ripened on the average fully a day earlier 
than Turkey and more than a day earlier than Kharkof at Manhattan. 
It was observed in some of the cooperative tests that this strain was 
among the earliest to mature. In other cases it ripened at the same 
time. 

There are strong indications that Kanred is able to survive severe 
winters better than other varieties. In 1912, which was the only 
season in which winterkilling occurred at Manhattan, notes taken in 
the spring show that 90 percent of Kanred plants survived as com- 
pared with 80 percent of Turkey and 77 percent of Kharkof. In the 
spring of 1916, Kanred was noticeably more vigorous in appearance 
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than other varieties. No severe winter injury occurred at Manhattan, 
but in the north central and northeastern parts of the State consider- 

: able injury occurred as a result of a heavy covering of ice during a 

_ part of the winter. In cooperative tests in this area, Kanred survived 

_ very much better than other varieties. This ice sheet was also present 
at Manhattan and may have been responsible for the large difference 
in yield between Kanred and other varieties, even though no imme- 
diate effect on the plants was noticeable. 

It seems probable from experiments conducted at this station that 
winter injury may be due to several factors and that a variety re- 
sistant to one factor is not necessarily resistant to another. Hence, 
it would not be safe to infer that Kanred will prove hardier than other 


varieties with different conditions. 


MILLING AND BAKING TESTS. 


Milling and baking tests of Kanred have been made since 1912. 
Table 3 presents the most important data in comparison with similar 


figures for Kharkof and Turkey in 1912, 1913, 1914, and I9Q15. 


results for 1916 were not available when this paper was written. 


The 


TABLE 3.—Data recorded on milling tests of wheat and baking tests of flour from 
Kanred, Kharkof, and Turkey wheats at Manhattan in 1912, 1913, 1914,and 1915. 


eee es) eg) oa | ae tals | 8 
Year and variety. |- | .|# a | 3/8 ia § e ae is a& s é Ec: = e 
Segteca| Sa [Segieeal § ka) 8) 4s (S| Sl el ss 
eotie 65 Betas) 2 jas) ol” % = | 4 
Tolono | % | Fo 1% | ce: |emi) ce % | % lem.) % | % 
BIOI2: 
= -Kanred..... I17.40| 9.89|67.08|17.02|/11.34/58.3)2400|6.0| 1940 |94 |93 '518|/57.66|16.43 
Kharkof.... .|17.38|10.84/65.40/16.90|11.67|60.0/2350/6.0| 1900 |96 (97 |523/57.93|16.60 
IQI3: 
feanred. ..... I7.02| 8.32|65.68|15.15|12.77|61.7/2100/5.1 | 1910 |93 |96 |531/49.38/14.89 
mharkof..... I1I.38|10.84|65.04| 9.34/13.92/62.7/2250|3.3 | 1760 |92 |95 |532|/29.02| 9.12 
eG oe 13.96| 8.38|66.88/12.43|12.52|65.0|2100/4.3 | 1880 jor |94 |534/37.17/11.93 
1914: 
manted ..:.. 15.15|12.19|64.68/14.38/13.75|58.5|1900|4.7| 1860 |9I |90 |524/44.73|14.52 
Sea harkof...... 15.75|12.07|63.80/14.57|/13.39|60.3|1800|4.2 |1820 |89 |89 |538|46.09/14.31 
: Turkey..... .|14.37|11.36|65.16|13.04/13.43|59.4|1600|4.0|1800 |87 |89 |525|38.13/12.11 
mLOLS: 
’ manred.. ...°. 20.78/13.02|59.10|18.22|13.94|60.0/2200|6.5 | 2040 |93 (94 |513/58.41|17.58 
= IKharkof..... 18.85/12.78|58.80|16.48/13.73/60.0|2350|6.1 | 2030 (93 |OI |521/50.56|15.90 
markey...... 20.00/12.34/61.30/17.58|13.24|60.9/2350|6.6 | 2095 [90 |94 |500/51.58/16.17 
Ave. 1912-15 
fanred..... 17.59|10.85|64.13|16.19|12.95/59.6|2150|5.6 | 1937 |92.7/93.2/521|52.54/15.85 
Kharkof..... 15.84/11.63|63.26|/14.32/13.18|60.7|2162/4.9 | 1877 |92.5|93.0/529|45.90|13.98 
Ave. 1913-15: ; 
manred..... 17.65/I1.17|63.19|15.92|13.49|60.1|2067|5.4| 1937 |92.6/93.3|523|50.84/13.66 
mmarkof..... 15.33|/11.89|62.54/13.46/13.68/61.0|2133/4.5 | 1870 |91.3/91.6|530|41.89/13.11 
Purkey...... 16.11 1925 '89.3/92.6'520!42.26|13.40 


10.69'64.45!14.35|13.06!61.7/201 714.9 
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Table 3 shows a distinctly higher protein content both in the wheat 
and in the flour of Kanred than of Turkey and Kharkof; a higher 
percentage of flour than Kharkof, but somewhat less than Turkey; a 
loaf expansion practically equal to Kharkof and slightly greater than 
Turkey ; color of loaf equal to or better than either of the standard 
varieties ; and texture of loaf equal or superior to either of the other 
varieties. The amount of dry and wet gluten is also distinctly in 
favor of the new variety. Stated in other words, there is no im- 
portant point in which Kanred is shown to be inferior to the standards 
used and in some points, notably in protein and gluten content, it 
appears to stand distinctly higher. There would seem to be no ques- 
tion regarding its milling and baking value. 


Crop IMPROVEMENT METHODS. 


It is difficult if not impossible to emphasize any one phase of the 
methods used that is responsible for Kanred. It is a product of the 


pure-line method of selection first used at this station by the Depart- . 


ment of Botany. This method permits testing a much larger number 
of varieties and strains than was possible with the older method of 
continuous selection, and this without doubt has contributed largely 
to whatever success has been attained. Another point of considerable 
importance is the reduction of experimental error to the greatest ex- 
tent possible by replication of plots and use of check plots and by 
exercising all possible care in the use and management of the land de- 
voted to experimental work, in laying out plots, and in seeding, har- 
vesting, and thrashing. 

Land used for field plot work is handled in a definite rotation of 
(1) wheat, (2) corn, and (3) oats. Cowpeas are sown after the 
wheat as a catch crop and plowed under the following fall or spring 
for corn. No manure or commercial fertilizer has been used. The 
area used for the wheat plots is cropped uniformly to corn and oats 
the preceding two years, all experimental plots of corn and oats be- 
ing on a different area. The nursery wheat plantings are alternated 


—— "| 


with a crop of oats and Canada field peas cut for hay. In all cases © 


the ground is plowed early and thoroughly prepared before seeding. 
Seeding is delayed until danger from Hessian fly is practically past, 
but early enough to secure a good growth before winter. 

In recent years nursery plantings have been replicated four times 
and field plots three times. Previous to this frequent checks were 
used. The outer drill rows of field plots have been removed before 
harvest to eliminate the alley effect. No provision has been made in 
nursery plantings to prevent the possible effect of adjacent rows, but 


] 
if 
¥ 
hd 
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in recent years this effect has been reduced to a minimum by grouping 
all varieties and strains and growing those of like habits of growth 
together. In case of severe winter injury or other damage which is 
likely to affect adjacent rows, the possible effect is considered in in- 
terpreting the results. The heads of grain of all nursery rows are 
wrapped in paper to prevent loss and mixture, and thrashed in a 
specially constructed machine for the same purpose. The grain is 
reweighed to prevent possible mistakes. 


FARMERS’ COOPERATIVE TESTS. 


A factor probably more important than any yet mentioned is the 
practice first developed at this station of thoroughly testing supposedly 
better strains with the farmers themselves before any wide distribu- 
tion of seed is made. To the writer this seems of first importance, 
as the most accurate tests conducted at one place in a State with the 
diversity of soil and climate possessed by Kansas may mean nothing 
for other localities. Tests at the experiment station indicate some- 
thing of the value of varieties for other localities, but they cannot 
prove their worth and it is a mistake to assume that they do. 

This idea is not a new one in plant-breeding work, but it has never 
been emphasized as much as others of probably less importance. 
For example, in the German method of breeding, the principal method 
in vogue until less than 15 years ago, the main emphasis was placed 
on the selection of the best individuals each year for the propagation 
of an-elite strain the following year. It was assumed that the im- 
proved varieties produced in this way would yield better than the un- 
selected varieties, but very little effort was made to demonstrate the 
truth of this assumption. In the pure-line method which has prac- 
tically supplanted the German method in this country, more attention 
has been given to determining the worth of the different selected 
strains, but in this method the necessity of testing the improved strains 
for all conditions to which they are supposed to be adapted has not 
been emphasized. 

In Kansas improved varieties are sometimes sent into localities in 
which no formal test has been made, but only with the distinct under- 
standing that they are sent for trial only and not with the unqualified 
recommendation of the experiment station. 


METHODS OF CONDUCTING COOPERATIVE TESTS. 
The method used in making tests in cooperation with farmers is 


important and may be of interest. In the first place, only those 
farmers who are willing and able to give some extra time to conduct- 
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ing the test are chosen. To these are sent about 15 pounds of each 
variety to be tested. Each test includes from four to ten varieties, 
one of them being the variety used by the farmer for general seeding. 
The remaining varieties include only those known in a general way 
to be adapted to the region. At seeding time a single drill-width or 
two drill-widths of each variety are sown, the length of the plot con- 
forming either to the size of the field, the area of uniform soil avail- 
able, or to the quantity of seed. The varieties are sown side by side 
with alleys 12 to 18 inches wide between plots. At harvest time a 
representative of the college visits the cooperator, takes such data as 
can be obtained at that time, and harvests a representative area of 
the plot for yield. The tests are inspected at other times of the year 
also as far as practicable. The yield is determined by harvesting 
from each plot ten areas inclosed by a hoop approximately 42 inches 
in diameter or a total area of 0.05 acre. The grain and straw when 
harvested are placed in a large jute sack with a tag inside and one out- 
side and are then shipped by express to the college, where the grain 
is dried and later thrashed in the nursery thrasher. 

Considerable care and judgment in choosing the areas and in har- 
vesting the grain inclosed by the hoops is necessary to secure accurate 
results. Tests conducted at various times to check the accuracy of 
this method show that with reasonable care in choosing the hoop areas 
and harvesting them, the results are probably as dependable as those 
obtained by harvesting the entire plot. For example, a 0.4-acre field 
of alfalfa in 1913 estimated by this method to yield 1.5 tons actually 
produced 1.45 tons, and a 0.45-acre field of oats estimated at 29.4 
bushels produced 28.3 bushels per acre. Hoop areas were taken from 
eight tenth-acre plots on the agronomy farm in 1914 and the plots 
then harvested in the usual way. The extreme variation in yield of 
grain secured by the two methods was 5.1 percent and the average 
0.93 percent of the yield of the plots. In 75'percent of the plots the 
hoop method gave the highest yield, probably because of less loss in 
harvesting. 


Kansas Acr. Expt. STATION, 
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INFLUENCE OF POSITION OF GRAIN ON THE COB ON THE 
GROWTH OF MAIZE SEEDLINGS.’ 


Byron D. HatsTED AND EARLE J. OWEN. 


INTRODUCTION. 


Five sample ears from each of 20 representative varieties and 
crosses of corn were used in this experiment. The grains from each 
ear were divided into to equal lots, each representing a zone of the 
ear, ranging from the butt to the tip. The average weight of the 
grains in each zone of 2 of the 5 ears was obtained and then 25 kernels 
from each lot were planted an inch deep in a greenhouse bed. The 
grains for planting were taken at random, except that in the butt and 
tip zones the smallest perfect kernels were used. The plants were 
harvested after 17 days, a period sufficient to produce plants of con- 
siderable size. 

The emergence of the tips of the seedlings was recorded daily, and 
from this the averages were obtained. At harvest time the viability 
was recorded and the weight and length of the seedlings taken, from 
which the vigor and variability were afterward deduced. By averag- 
ing the five units (ear belts) in each set a series of tables has been 
constructed that shows the relationship of the position upon the cob 
to the particular characters under consideration, as follows: (1) 
Weight of grain; (2) specific gravity of grain, (3) emergence of 
seedlings ; (4) viability of seeds; (5) weight of seedlings; (6) length 
of seedlings, and (7) variability in length. 


WEIGHT OF GRAIN. 


The names of the varieties used in the experiment and the weights 
of the grains in grams by zones are shown in Table 1. 

The grains range in weight from those of the Hickory King, which 
are unusually large, to those of the Country Gentleman and the Golden 
Queen (pop), the immature kernels of the last being very small. The 
flint varieties generally have the heaviest grains, followed by the 
dent sorts, but the Black Mexican, Stowell Evergreen, and Golden 
Bantam, three standard sweet kinds, are near the average of the 


1 Contribution from New Jersey Agricultural Experiment Station. Received 
for publication January 5, 1917. 
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list of 20 here given. The cross between Hickory King and Golden 
Queen has a rank that is practically the mean of that of the two 
parents. Nearly the same is true of the cross of Golden Queen upon 
Champion White Pearl, and also of Golden Queen upon Brazilian 
Flour. 


TABLE 1.—Average weight of grains (in grams) of 20 varieties of corn, in each 
of 10 zones from the butt to the tip of the ear. 


Zone. 
Variety. Sap? |uwer= 
i ) : 2. 3. 4. 5. 6.) | 7. 8. 9 Ma “eg 
Longfellow S57 sees 0.43 |0.44 |0.43 |0.42 |0.42 |0.40 |0.39 |0.37 0.35 0.31 |0.396 
Hickory Ging 2. nck 52 | 55 | .56.| .53.| -53 | -55-1.48 | AGS Te 
Golden Queen (mature)| .16 | .17 | .16 | .16| .15 | .12-| .13 | (igo) eeeepon) a rae 
Golden Queen (imma- 

CURES Sea as cnet, 06 | .06 | .07.| .07 |. .07 | <07-|,.065) 205 u)peam esa OSG 
Champion White Pearl.| .40 | .39 | .38 | .37 | 437 | -35 | .35' | sa4-) sapeeee a5 7 
Reid Yellow Dent..... -29 | .29 | .28 | .28 | .27 |} .26 | .24 |) (oan eo eee ee 
Iowa Silvermine....... “32 | .32 | .32 | .3I | .3r | .20 4, .28 29ers 
Boone County White..| .40 |-.38 | .38 | .37 | .35 | -34 | -33 4-cg20) ee eee ote 
Wing 100-Day........ 40 | .38 | .36°| .36'| .36 | .36 | .36 | cae eee 
Early Leaming........ -34 | .35.| -35 | 34 | .32 | .32 | 32°) Gael eee ears 
Brazilian Flour... ..... -30 | .31-| .3I |. .3I | .31 | .30-| 20) 2260) oes 
Stowell Evergreen..... -30 | .28 |..27 | .26.| 26 |..25 1} sO5 Gemeente eae 
Black Mexican... 2... 28 | .30 | .20 | .20 | .20,| .28 |..29 9) (2G ee eas 
Country Gentleman...| .18 | .15 | .15 | .14 | .34 | .13 | 113 |) see eee ee 
Golden Bantam....... 260 | .27 | .27 |-.27 | .26 | .26 | .24 | se) soe eee 
Crosby Harty... ccs es: 25 | .25 | .24 | ..23 | .23 | .22 | 20 | 22G0 ie ene 
Golden Queen X 

Hickory Kine ssa. 26 | .28 | .20 | .28 | .28 |-.29 | .27 \S26e ao eee ce 
Squaw X Country 

Gentleman......... 225 | .25 | .25 | .24 | .24 | .23-| .234 5220 Seen 
Golden Queen X 

Champion White Pearl] .27 | .27 | .26| .27 | .26°|] .25 | 724 | 2229) Some eee eee 
Golden Queen X 
Brazilian Flour...... 24 | .24 | .24 | .23 | .23 | .22 | 25 | 2 pee eee 
MOtalsi. tciascrn 5-91 |5.93 |5.86 |5.75 |5.65 |5.45 |5-30 |5.08 /4-81 4.24 
IAN ETAPR ES oc03. Oo sare .296), 207) .204|..288]| .283|. .272 205 ae 2A a2 


The tip zone of grains in all the 20 sets is the lightest, but in three 
kinds, Country Gentleman, Crosby Early, and Stowell Evergreen, 
the differenceis small. In these the ears were unusually well filled over 
the tip. In the Country Gentleman, for example, the grains at the 
tip are noticeably broad but short and not of the “shoe peg” type 
characteristic of the grains in the middle of the ear. The same is 
true of the butt grains, which weigh more than those adjoining them 
in the second zone. This same peculiarity of broad, flat grains is met 
with in the Champion White Pearl, Boone County White, and Wing 
100-Day. Quite generally, many of the ovules near the butt fail to 


inde” a al 
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grow, possibly because of inherent weakness, failure to become fer- 
tilized, or because they are destroyed by the extra pressure of the 
closely fitting husks. Therefore, the grains that are formed are 
flat-topped, misshapen, and arranged without apparent order upon 
the cob. Had all the ovules at the butt developed, it is self evident 
that, conditions remaining the same, the grains would have been 


much smaller than they were found to be. This tendency of grains 


to expand when lateral pressure is removed has been shown by the 
larger size and nearly spherical shape of grains produced on ears 
that for this particular purpose had received very limited amounts 
of pollen, and, as a consequence, produced only a few scattered 
grains. 

It is seen that the zone next above the butt leads in weight, with 
the butt zone a close second, and that the decrease is quite uniform 
from the third zone to the tip. A long ear that tapers both ways 
from the second zone would visually represent the results that have 
been obtained. 

SPECIFIC GRAVITY. 


The range in specific gravity is from 1.35 in Golden Queen to 
1.16 in Brazilian Flour. In the first kind the grains are small, and 
the endosperm is chiefly corneous, while in the last the grains are 
large, with a chalky or floury endosperm. The sweet corns have a 
high specific gravity, Golden Bantam and Stowell following close to 
the Golden Queen, with Country Gentleman, Black Mexican, and 
Crosby not far behind. This high range of specific gravities in the 
sweet grains is doubtless due to the low starch and high sugar con- 
tent and the consequent drying down of the endosperm into the horny 
texture, which is quite comparable with that of the pop and flint 
corns. The crosses between Golden Queen and Brazilian Flour, 
the highest and the lowest in the list for specific gravity, give nearly 
the mean of the two extremes, namely, 1.26. The cross of Golden 
Queen upon Champion White Pearl gives 1.26, which is close to the 
specific gravity of the mother parent, and in like manner the Golden 
Queen upon Hickory King cross shows a specific gravity quite close 
to that of the Hickory King. 

There is a remarkable difference between the specific gravity of 
mature and of immature grains of the Golden Queen. The immature 
grains were the lightest with the exception of the Brazilian Flour 
previously mentioned. In other words, the specific gravity of the 
Golden Queen grains fell from the first place to the last but one 
because of immaturity. This test illustrates the importance of select- 
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ing for the present study only ears that were well filled and showed 
no sign of immaturity ; and with the single exception purposely made, 
this was done with extreme care. 

The sixth zone from the butt is highest in specific gravity, with 
the fifth and fourth zones next in order, followed closely by the third 
and the seventh zones. The three lowest specific gravities are at the 
tip end, and the fourth lowest at the butt. In a general way the 
specific gravity decreases in both directions somewhat regularly from 
the middle of the ear. By making five groups from base to tip, the 
sums of the ranking figures are as follows: 0,) 15) Oa) eis 
shows that the decrease is much more rapid in the upper than in the 
lower half of the ear. When three groups only are made, namely, 
the basal three, the middle three and the upper four zones, the 
averages of the specific gravities are: 1.25, 1.26, and 1.24. 

The ranking of the specific gravities does not coincide with that 
for weights of grains, as the following parallel display shows :? 


LODE. ee rahe ste eae OE BS I 2 3 4 5 6 74 "8 9 10 
Rank of weight of grains.......... 9 | IO 8 G) 6 5 Als 2 I 
Rank of specific gravity.......... 4 5 7 8 ©’ |) to ame ae 2 I 

SUMMMGE a rates Oh on echo ENO 3 | TS | 55 | 05 | es es eno 4 2 


Only the three upper zones show the same rank for both weight 
and density. The three lower zones, while the heaviest, have a 
medium specific gravity, and the next three with the greatest specific 
eravity are only medium in weight. 


E-MERGENCE, 


As the temperature of the air and soil of the greenhouse was not 
constant during the winter months when the tests were conducted, 
no rational comparison of the emergences is possible. If one dis- 
regards the variation in temperature, it follows that the Wing 100- 
Day, Early Leaming, Champion White Pearl, and Iowa Silvermine 
are quick growing, while, on the other hand, Brazilian Flour, Golden 
Queen, Hickory King, and Longfellow are comparatively slow. 

From the grand averages for all the zones it is found that the time 
consumed from the planting to the showing of the tip at the surface 
of the ground is somewhat less than one week (6.44 days). The 
butt zone required the shortest time for emergence, a trifle over 6 


2 The number Io stands for highest and from it the series descends in regu- 
lar order to 1, the lowest. 
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days, while the zone next above it needed 10 hours longer, and was 
the slowest zone upon the ear. It is further found that there is a 

fairly uniform decrease in time for emergence from the second to 
the tenth zone. When the ranks of emergence are compared with 
those of weight of grain, it is seen that there is a close correspond- 
ence, that is, a high weight is associated with a low rate of emergence. 
This is shown in the following table, which gives the ranking of the 
ten zones for all the 100 ears. 


Seg tn I Peanean ge) 6-|-7 | 8 | 9 | To 
Rank of weight of grains.......... 9 | Io 8 4 Gite 5) A 3 | 2 I 
Rank of emergence of seedlings....}/ I | 10 9 8 6 m |) 5 2 | 4 3 

PIT ON en cmccg Vik wes wee 10 | 20 Eee ee TZ 1 Oo. 5) | 6 | 4 


The exception to the general rule is found in the butt zone, where 
the grains rank next to the largest, and their seedlings were the first 
to emerge. This result is accounted for in part by the fact that the 
smallest grains of this zone were planted. Furthermore, the kernels 
were much compressed and misshapen and therefore they exposed 
an absorbing surface relatively, if not actually, greater than that of 
the grains from the other portions of the cob. 


VIABILITY. 


The viability of the grains of a large portion of the samples was 
high, the general average being 91.91 percent. This includes the set 
of immature ears of the Golden Queen, which had a viability of 67.87 
percent, with Brazilian Flour only a little better (76.94 percent) and 
Stowell Evergreen not far ahead. The most viable sets were Iowa 
Silvermine and Early Leaming, both with 98.72 percent viability, fol- 
lowed closely by a cross of Golden Queen upon Champion White 
Pearl (97.92 percent), the viability of the parents being nearly the 
same, namely, 96.96 percent and 96.56 percent, respectively. With 
the exception of the Brazilian Flour (and, of course, the immature 
Golden Queen), the sweet corns as a group were the least viable, a 
result that has always been observed in previous comparative studies 
of viability in corn. 

The results show further that the greatest viability is in the fourth 
zone, with an average of 94.44 percent, and the lowest at the butt 
(87.68 percent), followed closely by the tip. The best five zones for 
ability to produce seedlings are contiguous in the middle of the ear, 
; leaving two at the butt and three at the tip to compose the poorer half, 


: 
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The ears were too well selected to yield any striking differences in 
viability as associated with place upon the cob. 

The following tabulation of the ranking figures shows that the 
weights, specific gravities, and viabilities are associated. 


PB OUME) sS<5 \o sonn”s SIR Ueus tere our cae oie ee I 2 3 4 5 6 F 8 | 9 10 
Rank of weight of grains.......... Q 4 20 8 7 6 5 4 Se z 
Rank of Specific gravity... 06ers 4 5 7 8 6 Fa 6 ae I 
Rank of: viability 4:22.56. See I 3 AAO 7 9 6 S15 2 
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The heavier grains are in the lower half of the ear, but those of 
greater density and viability occupy the middle zones of the cob. 


VIGOR. 


Vigor is here recorded as the live weight of the seedlings from 
which that of the grain itself has been deducted. An error is intro- 
duced into this method by the fact that the original grain coats, con- 
taining much of the original food substances and considerable water, 
adhere to the seedlings. It was found too difficult to remove these 
watery kernels before weighing, and therefore the results are all 
somewhat too high, but the error in all instances is probably a fairly 
uniform one. 

Furthermore, there is a variable time factor that should be men- 
tioned, namely, that there are several hours’ difference between the 
emergence of the seedlings of the smaller grains and those of the 
slower growing plants from the larger grains upon the same ear, 
usually those near the tip and butt. This difference in germination, 
therefore, favors the seedlings from grains borne at the extremities 
of the ears, and makes the recorded differences somewhat less than 
they should be. | 

A comparison of the ranking columns of the size of grains with 
those of seedling vigor shows a positive correlation. The data on 
live weight of the seedlings are given in Table 2. 

From Tables 1 and 2 it is seen, for example, that the Hickory 
King is first in weight of grain and vigor of seedlings, while the im- 
mature Golden Queen is lowest in both these characters. Contrari- 
wise, the mature Golden Queen, among the lightest of all the mature 
sets, is next to the lowest in vigor of the seedlings. There is a great 
lack of vigor in the comparatively large butt grains as shown in the 
display of ranking figures which immediately follows Table 2. 


Zone. 
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TABLE 2.—Vigor of seedlings as indicated by their live weight in grams, as 
related to the position of the kernel on the cob. 


nw od 
Variety. Sa Sh] g 
I Py 3 4 5 6 7 8 9 7 | S*| & 
Longfellow..... .. »|2,266/2,386| 2,238|2,428|2,404!2,444|2,366| 2,224|2,328|)1,692|2,277| 14 
_ Hickory King..... 2,870) 3,034/3,042/3,276/3,330|3,166|3,018/3,090| 2,888) 2,830/3,050| 20 
_ Golden Queen 
: Seemture)........ 1,000 1,186/1,176/1,148/1,182/1,184|/1,038|1,094|1,044| 768/1,082) 2 
— Golden Queen 
" (immature)...... 351| 410) 447] 433) 407| 375| 354] 303] 256| 225| 356! 1x 
: Champion White 
. | a 2,722/3,120/2,834|3,004'2,960|2,872|2,698|2,694|2,642|1,900|2,744| 16 
; Reid Yellow Dent..|1,202|1,468|1,466|1,496/1,526/1,468|1,366|1,272/1,214| 916/1,339) 4 
Iowa Silvermine. . .|2,282/2,556/2,630/2,682|2,412|2,452|2,444/2,358|2,286 1,638|2,374| 16 
Boone County 
hd 56% wuss 2,128/2,214|/2,250|2,242|2,2096|2,100/2,178|2,156/2,076|1,702/2,134| 12 
Wing 100-Day..... 2,128) 2,310/2,234/2,192/2,180|2,286/2,240|2,172/2,916|1,398/2,105| II 
Early Leaming..... 2,140) 2,368/2,314/2,220/2,138|2,138/1,980|2,172/2,030|1,748/1,911I| 9 
Brazilian Flour....| 708|1,074/1,298/1,180/1,358|1,202|1,254|1,250/1,280| 952\1,155| 3 
Stowell Evergreen. .|2,662|2,590)/2,742|2,568|2,398|2,450/2,456|2,350|2,246|2,010|2,447| 17 
Black Mexican... .|1,730|1,988/2,058/2,138/2,088|2,000/1,970|1,996/1,766/1,352|1,908| 8 
Country Gentleman|1,792/2,336|2,062/1,990/1,904|1,764|1,738/1,638|1,196|1,300|1,832, 6 
Golden Bantam... .|2,178|2,438|2,426|2,590/2,256/2,428|2,466|2,360|2,198/1,652/2,326| I5 
Crosby Early...... 2,520|2,596|2,672|2,610)2,624/2,590/2,526 2,428|2,466|2,360/2,198| 18 
Golden Queen X 
Hickory King .. .|1,546/1,846|1,918|1,930/1,952/1,910|1,884/1,744|1,786|1,258/1,777| 5 
Squaw X Country 
Gentleman...... 1,688)|2,016/2,020|2,064)/1,988|2,000/1,938|1,982|1,866|1,422/1,898| 7 
Golden Queen X 
Champion White 
OS ee 2,070|2,440/2,428'2,436|2,272|2,408|2,204|2,094/1,938|1,430|2,272| 13 
Golden Queen X 
Brazilian Flour. .|1,884)2,130 eae 2,032 1,928|2,036|1,832|1,814|/1,810/1,754/1,928| 10 
Averages...... 1,893|2,125|/2,116/2,133 | 2,094/2,064/2,010/1,966/1,896|1,503|/1,980 
. Se 2 9 8 IO 7 6 5 4 3 I 
I rl. ek eee I 2 2) 4 5 ed 2 8 oy ap 4) 
Rank of weight of grains.......... 9 | 10 8 7 6 mg ewe 2 2 I 
Rank of vigor of seedlings......... 2 9 8 | Io | Gus 4 3 I 
n he ee ne Le ten b LO Teh babe EE lO a 5 2 


The explanation of this may be found in the unfavorable conditions 
_ for germ development at the butt. So far as these results go it is 
shown that in respect to vigor the best grains are to be found in the 
lower half of the ear, with the exclusion of the kernels at the butt. 
The upper half shows a uniform decrease in vigor from the sixth 
zone to the tip. 

With the single exception of the butt zone, the weight for the grains 
increases from the butt to the tip. 

The specific gravity is highest in the grains of the middle half of 
the ear. 3 
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SUMMARY. 


TABLE 3.—Ranking of averages of the seven points considered. 


Zone. 
Character. — 

it 2 3 4 5 6 7 8 9 10 
Weirhtvolonines  -2beee oa neore OA FOULS 7 ate 5 Mae 3 2 I 
Speciie eravit¥... 23 .-hen tet oe tee A Bale 8 | Se 10 | 6 3 2 I 
PIMETCCNCE ic (ss Ree eee ee E> CRORMM ES, 8h 6 | 5 Z 4 2 
Via Dilityiie ob art aap aaee tee ae? enue I Brule ad TO}, 3 oS 8 5 2 
VAP OF so00 eke a OA teas eee 2 ows TO nw Gor os 4 3 I 
Length of seedling 3. 2.5. ....6.. 2 Be Io | 8 Y fe ©, 5 4 i 
Wamia Iility 220 ats ah, eer ee re eee TO Sita 5 !14 2 NC6aue t : 9 


The emergence is least rapid in seedlings from grains borne in the 
middle of the ear; and is correlated with specific gravity, that is, the 
lighter the grain, the more rapid the initial growth. 

Between viability and vigor there is a strong positive correlation, 
that is, the more viable the more vigorous, and the same is naturally 
true of the length of the seedling. 

Variability is evidently correlated with weakness—but to establish 
the degree, measurements of more than 2,500 seedlings are required. 
In other words, viability and vigor are negatively correlated with 
variability. A set of strong plants is more uniform than one of weak 
seedlings. | 

The position on the cob has much influence upon the mantle 
which may be due to size as well as to maturity and nourishment of 
the grains. 

A practical application of the results above given would consist of 
germinating a liberal sample, say 20 kernels, from two rows upon op- 
posite sides near the middle of the ear. Select only those ears that 
show practically 100 percent viability, and plant from only the middle 
of the ear, that is, reject all grains of the butt zone and of the four 
zones of the upper portion of the ear. 

This suggestion does not interfere with any rules in corn selection 
now in practice, but simply is a far more rigid application of the 
method of “nubbing,” namely, the discarding of a few grains at the ~ 
butt and tip of the ear, now recommended by corn experts and prac- 
ticed by growers to a limited extent. 
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THE HANDLING AND STORAGE OF SPRING WHEAT.! 
cH. BAILEY, 


The greater part of the small-grain crop of commerce grown in the 
Great Plains area and the eastern part of the United States is handled 
in bulk. Certain factors involved in the successful handling and 
storage of grain vary, depending upon whether it is handled in bulk 
or in sacks. In the first place, there is less opportunity for change in 
the moisture content of bulk grain. Slight reductions in moisture 
content may result when relatively damp grain is handled on a hot 
day, while a slight increase may occur when very cold grain is ex- 
posed in a warm, humid atmosphere. In general, however, the mois- 
ture content of spring wheat is determined principally by the climatic 
conditions prevailing between harvesting and thrashing. If this 
period is warm and dry the grain will be well cured when it starts on 

its journey to the consumer; rain on the unthrashed bundles, par- 
ticularly if exposed in the shock, results in damp, “ tough” wheat that 
will cause difficulties in handling and storing. 

The fact that wheat is a relatively poor conductor of heat intro- 
duces another variable in handling wheat in bulk as compared with 
handling in sacks. The heat which develops when damp wheat is 
stored does not pass off as rapidly from a large bulk as from a 
smaller one, such as exists when sacks are piled in narrow stacks. 
The more rapid the transfer of heat from a fermenting mass to a 
cooler surrounding medium (usually air) the less the likelihood of 
serious damage. This is assuming that the moisture content of the 
grain is sufficiently low to preclude germination. : 

Spring wheat is not biologically ripe at the time it is usually har- 

_ vested. The post-harvesting process of ripening is attended by cer- 
tain peculiar phenomena. If the bundles are in a stack they take on 
a moist condition. This process is commonly called “sweating,” and 
is undoubtedly accompanied by biochemical changes resulting from 
"enzymic activities within the kernel. If the sweating process occurs 
in normal wheat in the bin, a slight rise in temperature may result. 
_ *Read at the Second Inter-State Cereal Conference, University Farm, St. 
Paul, Minn., July 11, 1916. Published, with the approval of the Director, as 


Paper No. 62 of the Journal Series of the Minnesota Agricultural Experiment 
‘Station. Received for publication April 20, 1917. 
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The baking quality of the flour is improved by these changes in the 
grain. 

There are several factors which determine whether or not grain 
will spoil in storage after it has passed through the sweat. First, and 
most important, is the percentage of moisture in the kernels when 
they are stored. The form in which moisture exists in the kernel is 
of interest in this connection. Organic colloids of the nature of those 
which form the principal constituents of the wheat kernel have the 
property of imbibing considerable quantities of water and forming 
elastic gels. The colloidal gel swells considerably, although the total 
volume of the water plus the dry colloid diminishes. The water-im- 
bibing capacity of the several colloids varies widely. Thus starch has 
only about one-fourth the imbibing capacity of wheat gluten. There 
is no fixed amount which a given dry colloid will imbibe; thus gels of 
varying viscosity can be produced, depending upon the proportion of 
water present and upon other variables, such as temperature, mineral 
salts, and other substances. The rate of diffusion in a gel varies 
with the viscosity; in dilute gels diffusion takes place as in water, 
while in strong gels the rate is slower.? It is probable that in dry 
grain the imbibed water is not sufficient to produce a gel, i. e., the 
colloidal material does not have a continuous structure. The possi- 
bilities of diffusion are decidedly reduced under such conditions. 

The exact percentage of moisture below which this discontinuous 
structure exists is not known; it probably varies with the percentage 
of gluten in the grain, since gluten possesses a greater water-imbibing 
capacity than starch. Increasing the moisture content above the 
maximum at which discontinuity exists results in the formation of an 
elastic gel through which diffusion can occur. Further increases in 
moisture content up to saturation (maximum imbibition) produce 
progressively less viscous gels, and correspondingly increase the rate 
of diffusion. Since the rate of respiration in grain doubtless depends 
in part upon the rate of diffusion between the various kernel struc- 
tures, it follows that the less viscous the gelatinous material of which 
the cell contents are composed the more rapid the production of heat 
through respiration. To restate, the production of heat is dependent 
upon the activity of the oxidases of the kernel, the complex phenom- 
ena being known as respiration. The latter is accelerated by an in- 
crease in the rate of diffusion, which in turn is dependent upon the 
existence of a gel, and the viscosity of that gel. For these reasons 
the moisture content of the grain determines to a considerable extent 


2Plimmer, R. H. A. Practical organic and biochemistry, p. 386. New 
York, 1085. 
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the liability of heating when bulk grain is stored, and also the rate at 
which the respiration and consequent heating will occur. 

To ascertain the percentage of moisture which spring wheat may 
contain without heating in store, the Minnesota Grain Inspection De- 
partment and the State Boards of Grain Appeals, in cooperation with 
the Division of Agricultural Chemistry of the University of Minne- 
sota, obtained permission from one of the large elevator companies 
of the State to make observations in grain stored by them. About 
twenty lots of wheat were experimented with, containing from 12.76 to 
17.45 percent of moisture. No lot represented less than a carload 
(1,200 to 1,400 bushels). These observations were made through a 
period of more than one year, covering two summer seasons and the 
intervening winter. The data are too voluminous to be given in de- 
tailin this paper. It was concluded that hard spring wheat of reason- 
able plumpness, containing less than 14.5 percent of moisture, is not 
likely to heat when stored under normal conditions in a temperate 
climate, while similar wheat containing 15.5 percent or over of mois- 
ture is practically certain to heat. Between these limits the possi- 
bility of heating depends upon other conditions which are discussed 
later in this paper. 

The rate of heating in its relation to moisture content is shown in 
figure 16. Two lots of wheat are here compared with regard to the 
time required to become actively heating. One carload contained 15.5 
percent, the other 16.5 percent of moisture. They were put in inside 
elevator bins on September 11 and 12 respectively. The lot con- 
taining 15.5 percent of moisture kept 333 days without heating suffi- 
ciently to necessitate turning and cooling, while that which contained 
16.5 percent had to be 
run and cooled in 49 js eee 
days. Had these been 
stored in the spring 
or summer, the time 
elapsing before heat- 
ing began would have 
been much = shorter, 
but the cold fall and Fic. 16. Graph showing relation between moisture 
winter weather which content! and rate of heating. 
intervened resulted in 
the heat being lost into the air or pureounding, material so fast as to 
preclude a rapid rise in temperature. 

This leads to a consideration of the relation of air temperature to 
the rate of heating. The lot of wheat containing 16.5 percent of 
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moisture, mentioned in the foregoing paragraph, required from Sep- 
tember 12 to October 31 to rise from 70° to 80° F. and require atten- 
tion. The mean air temperature during this interval was 44.3°. 
Another lot of similar wheat, containing the same percentage of mois- 
ture, had been stored July 28, and the temperature of it rose from 70° 
to 80° F. in 11 days, the mean air temperature of this interval being 
62.1°. These data are graphically shown in figure 17. The differ- 
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Fic. 17. Graph showing effect of atmospheric temperature on the rate of 
heating. 


ence in the rate of heating was due to the greater rate of heat loss 
into the cold atmosphere in the fall. While this difference might not 
have been so great in a larger mass of grain, it shows the effect of 
seasonal influences. 

The location of the bin in the elevator may have considerable to do 
with the rate of the loss of heat from the grain. This is shown by 
experiments conducted with a car of wheat containing 17.5 percent 
of moisture which was stored in an outside bin in a steel elevator on 
September 10, and kept until June to the following year, a total of 
303 days. Its record is compared in figure 18 with that of a car con- 
taining 16.5 percent of moisture which was put in an inside bin at the 
«same time and had to be run and cooled in 49 days. 

The initial temperature of the grain is also significant. This is 
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shown by the records of bins 32a and 158b. Both were filled at 
almost the same time with wheat containing 16.5 percent of mois- 
ture. ‘The initial temperature of that in bin 158b, as shown in figure 
19, was 74° F., while that in bin 32a was 70°. It took the Jatter 
over five times as long to reach a temperature of 80°. These data 
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Fic. 18. Graph showing relation of the location of the grain in the elevator 
during the winter months to the rate of heating. 


also illustrate the acceleration of respiration with a rise in tempera- 
ture, the curve being logarithmic in form, and the rate very rapid as 
the temperature approaches 80°. 

When uniformly mixed wheat heats as the result of respiration, the 
highest temperatures 


are usually reached | Aaa ade oe 
Si hee | ity 
EEE 
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to 20 feet below the 
surface, while in mild 
or hot weather it is 


Fic. 19. Graph showing relation of the original tem- 
perature of the grain to the rate of heating. 


likely to be at a depth of from 5 to 8 feet. The changes in tempera- 


ture at different depths are shown in figure 20, which gives the record 


of a bin of wheat that was at freezing temperatures on April 4, and 
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was heating on July 10. At this time the temperature of the grain 
surrounding bulb 5, at a depth of 8 feet, was 81° F., while bulbs | 4, 
3, 2, and 1, which were at depths of 18, 28, 38, and 48 feet, respec- 
tively, were in grain at temperatures of 70°, 65°, 62°, and 62°. The 
larger quantity of oxygen available to support aerobic respiration in 
the kernels near the surface no doubt is responsible for the more 
rapid rise in temperature in that portion; the heat produced in the 
surface layers is lost into the surrounding atmosphere, however, and 
consequently the highest temperature is reached at a depth of a few 
feet. 
The material of which the bin is constructed affects the keeping 
qualities of damp 
grain in just the pro- 
* portion that it affords 
heat insulation. The 
four materials used in 
bin construction are 
ranked in_heat-in- 
sulating value by the 
leading elevator con- 
struction companies 
of Minneapolis as 
follows: (1) Hollow 
tile, (2) wood, (3) 
concrete, am@-i4) 
steel. Incold weather 
the better the conduc- 
tor in which the grain 
is stored and the more 
exposed the location, 
the less rapidly will 
damp wheat heat. In 
hot weather the re- 
verse is true, since the 
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different depths in a bin of grain. : 
grain through a poor 


insulator, and the rate of respiration accelerated through the result- 
ant rise of temperature. 

To recapitulate briefly, the handling of wheat in bulk introduces 
certain difficulties which do not exist to so great an extent when it is 
handled in sacks. Wheat which is not perfectly ripe when harvested 
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“sweats” either in the shock, stack, or bin. If normally dry, this 
sweating improves the baking qualities of the flour. The maximum 
limits of moisture which hard spring wheat may contain without 
danger of heating in a temperate climate are between 14.5 and 15.5 
percent. Whether it actually heats or not depends upon several 
factors, including the hardness of the kernels because of the relation 
of kernel density to gluten content, the size or dimensions of the bulk, 
temperature of the atmosphere, initial temperature of the grain, loca- 
tion and consequent exposure of the bin, and the material of which 
the bin is constructed. 


SECTION OF CEREAL TECHNOLOGY, 
DIVISION oF AGRICULTURAL BIOCHEMISTRY, 
UNIVERSITY OF MINNESOTA, 
and 
MINNESOTA GRAIN INSPECTION DEPARTMENT LABORATORY. 


THE COLOR CLASSIFICATION OF WHEAT.? 


The color classification of wheat was discussed by the Minnesota 
Section of the American Society of Agronomy during the first months 
of its organization. The subject was first discussed by H. K. Hayes 
of the Section of Plant Breeding, and a committee was appointed to , 
devise a scheme which could be employed by all who had occasion 
to use such a system of classification. A set of samples was pre- 
pared by A. C. Arny and P. J. Olson which illustrated the various 
divisions provided for in this system. The report of this committee 
was subsequently adopted by the local section, which authorized its 
publication in the Journat of the society. This report is presented 
in the following paragraphs. 

The visual appearance of wheat which is commonly termed color 
is due to the joint effect of two factors: First, the presence or absence 
of a brownish-red or orange-yellow pigment in the bran layer, and 
second, the physical condition of the endosperm cells. The latter 
may be corneous or starchy, depending upon the density of the cell 
contents or the relative amount of space occupied by air cavities or 
vacuoles. The confusion which has arisen in regard to color classi- 
fication is probably due to the use of a single term to describe the 
combined visual effect of these two characters mentioned above. 

1 Prepared by a Committee of the Minnesota Section of the American So- 


ciety of Agronomy, consisting of Messrs. H. K. Hayes, C. H. Bailey, A. C. 
Arny, and P. J. Olson. Received for publication March 17, 1917. 
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That there is such a confusion is probably recognized by every one 
who has any knowledge of the present methods of classifying the 
color of wheat. 

The present state of ideas is illustrated by the test conducted by 
H, K. Hayes. Six samples of wheat were submitted separately to 
several members of the experiment station staff, who were asked to 
classify them for color. The samples employed were: 

I. Preston, a red spring wheat. 

2. Turkey,.a hard red winter wheat. 

3. Harvest King, a red winter wheat common in the East, which 
under University Farm conditions is less corneous than 
Turkey. 

4. Kubanka, a durum wheat. 

Soft white wheat from the Pacific Coast. 

6. Preston selection which lacks red pigment in the bran layer. 

Three of the men who classified the samples used the term “ amber ” 
to describe color, and modified it by the use of such adjectives as 
“dark,” “light,” “very light,” etc. There was no comsisbemimce oF 
the defining adjective, however, and what one man termed “light 
amber” was called “dark amber” by others. A fourth classifica- 
tion used the term “amber” to express the appearance of corneous 
durum and other wheats which lack red pigment, and modified it by 
the use of the term “red” to denote a corneous wheat with red pig- 
ment. The objection to this method is the use of a single term to 
express lack of bran pigment combined with a corneous endosperm. 
Three other men classified the samples by the use of two columns, 
one for pigmentation, the other for density of endosperm. There 
was no uniformity in the use of terms on the part of these men, 
however. ‘This test indicated the need of a uniform method of color 
classification, and prompted the appointment of the committee which 
renders this report. 2 

It is generally recognized that the presence or absence of a red 
pigment in the bran layer is of little importance in indicating milling 
value, since there are certain unpigmented varieties which possess 
as good milling qualities as many of the pigmented varieties. The 
physical condition or density of the endosperm is of considerable 
importance because of its relation to milling properties and bread- 
making qualities. The relative stability of these two characters is 
of significance in a discussion of color classification. The first of 
these characters, pigmentation, is definitely inherited, and exhibits 
itself under widely varying conditions of environment. Although 
modified to some extent by climatic conditions the intensity of pig- 
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mentation is a varietal character as well, some varieties possessing a 
less degree of pigmentation than others. With the same degree of 
pigmentation, a starchy kernel possesses a lighter appearance than a 
corneous kernel, however, but there is no difficulty in separating 
a starchy pigmented kernel from a starchy white kernel. 

If we consider that inheritance is a characteristic manner of re- 
acting to a certain environment, we may say that the physical condi- 
tion, whether corneous or starchy, is an inherited character. Unlike 
the pigment, however, the density of the endosperm is very de- 
pendent upon environmental conditions. Thus, at University Farm, 
no wheats would be constantly starchy, although some varieties are 
consistently softer than others. Even though this character is easily 
influenced by environmental conditions, it is of such importance, be- 
cause of its relation to milling qualities, that a classification under 
this head is necessary for the breeder, farm crops expert, or milling 
chemist. 

The following scheme of classification is accordingly proposed. 
Columns headed (1) Pigmentation, and (2) Physical condition or 
density are necessitated. Under pigmentation the use of the term 
“red” to denote the presence of a brownish-red pigment in the bran 
layer is proposed. This is to be modified by the term “light” when 
the degree of pigmentation is less than is usual in red wheats. While 
the pigment may not be entirely absent from the bran layer of the 
so-called “‘ white wheats,” it is so nearly so that the term “white” is 
proposed in classifying them. It is recognized that a corneous kernel 
with a nonpigmented bran layer will not appear to be perfectly white ; 
so far as the color of the bran layer is concerned, it is not affected 
by the density of the endosperm, however, although the complex 
of visual appearance due to the two factors is influenced by the 
relative endosperm density. 

Under physical condition or density it is proposed that four terms 
be employed to denote the several gradations of endosperm density. 
These are (1) corneous, (2) subcorneous, (3) substarchy, and (4) 
starchy. Under group 1, corneous, would be included only the uni- 
formly corneous samples. Group 2, subcorneous, would include 
samples containing kernels which approach either of the following 
conditions or a combination of both,—(a) samples containing 2 
corneous kernels and % starchy or substarchy and (b) samples in 
which nearly all kernels approach the corneous group, the greater 
part of the kernels having only a small percentage of starchy endo- 
sperm. Group 3, substarchy, consists of kernels 24 of which are 
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starchy and % corneous or kernels which contain a small amount 
of corneous matter with the larger part of the endosperm starchy, 
or a combination of these two conditions. Group 4 would be lim- 
ited to the uniformly starchy material. It is recognized that a 
sample will often be found to be intermediate between two of these 
groups; in such cases it must be classified in the group which it most 
nearly resembles. The plus (+) and minus (—) signs may be em- 
ployed to designate that it varies somewhat above or below the aver- 
age of the group to which it is assigned in point of relative density. 

The application of the proposed system to the six wheat samples 
mentioned above would result as follows: 


Sample, Pigmentation. Physical condition or density. 
I Light red Subcorneous 
2 Red Corneous 
3 Light red Substarchy 
4 White Corneous 
5 White Starchy 
6 White Subcorneous 
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THE ACTION OF PRECIPITATED MAGNESIUM CARBONATE 
ON SOILS." 


W. P. KELLEY. 


INTRODUCTION. 


During recent years many investigations have been made on the 
lime-magnesia ratio in relation to plant growth. Different aspects 
of the question have been studied and many interesting experimental 
data obtained. In a large part of this work the attention of the 
investigator has been given mainly to the growth and yield of the 
crops employed. Just as in the study of many other soil problems, 
the final effects produced on the growing plant have been assumed 
to be brought about by the direct action of the substance applied. 
Consequently, attention has been focused on the physiological response 
on the part of the higher plant with only an occasional inquiry into 
the factors lying between the application and the response noted. It 
is obvious, therefore, that in such cases the soil has been looked upon 
as being in a state of stable equilibrium. 

However, it is well known that, while soils without artificial treat- 
ment tend to undergo more or less continual change, the application 
of various substances, both organic and, inorganic, frequently induces 
various reactions in soils. And while knowledge regarding the 
specific nature of such reactions is very imperfect, sufficient is known 
to justify the statement that artificial applications produce changes 
of a greater or less degree in the chemistry, physics, and microbiology 
of soils generally, and that some, at least, of these changes can 
scarcely fail to reflect themselves on the physiological behavior of 
growing crops. 

It has been recognized for some time that the addition of soluble 
salts produces interchange of bases in soils, that the interchange when 
salts of different cations are added is not necessarily molecularly 
proportionate, and that it is rarely safe to predict from observations 
with one soil concerning the extent of interchange that will take 
place in another, since the rate of double decomposition in soils is 
quite variable. Nevertheless, the results of various experiments in- 


1 Paper No. 43, University of California, Citrus Experiment Station, River- 
side, Cal. Received for publication July 2, 1917. 
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volving the use of soluble salts have frequently been discussed by 
writers on the subject as if the soil were incapable of being reacted 
upon by the substances applied. Many references bearing on this 
point can be cited. Among such may be mentioned certain studies 
with the use of soils from the semiarid west on the effects produced 
by the addition of various soluble salts (3, 10, II, 12).? 

Consideration of the principles of physical chemistry suggests, also, 
that other points of chemical equilibrium must necessarily be shifted 
as a result of the addition of soluble substances to soils. For 
example, it has recently been demonstrated in this laboratory that 
sodium carbonate is readily formed, in accordance with the prin- 
ciples of mass action, when sodium nitrate or other sodium salts 
are added to certain semiarid soils that contain calcium carbonate. 
In view of the ready solubility of sodium carbonate, the reaction of 
the soil solution must likewise be affected. Of course the reaction 
of soils may also be affected by the direct application of alkaline 
substances, such as carbonates, but in general these aspects of soils 
have not been sufficiently recognized in studies involving the applica- 
tion of chemical substances. Especially is this true in the investiga- 
tion on the lime-magnesia ratio. 

A number of compounds of calcium and magnesium have been 
employed in studies on the lime-magnesia ratio. One of the widely 
used compounds is the precipitated carbonate of magnesium. In cer- 
tain cases the effects produced by this substance have been quite 
unlike those following the application of other magnesium com- 
pounds. In 1904, Meyer (15) recorded the results of pot experi- 
ments with the use of chloride, sulfate, citrate, and carbonate of 
magnesium and calcium carbonate. The experiments were conducted 
in a sandy loam soil with mustard as the test crop. The results were 
very striking, as is shown by the following data. The total yield 
from three pots without the application of any substance was 43.5 
grams ; with magnesium chloride, 40.5 grams ; with magnesium sulfate, 
50.1 grams; with magnesium citrate, 150.5 grams; with magnesium 
carbonate, 146.0 grams; and with calcium carbonate, 139.5 grams. 
These data show that, while the chloride and sulfate of magnesium 
produced only slight effects, the citrate and carbonate and also the 
calcium carbonate produced very striking stimulation. 

In still other experiments, Meyer found that the use of relatively 
large quantities of magnesium carbonate resulted in reduced yields 


* Numbers in parentheses refer to papers similarly numbered in the bibli- 
ography on p. 205. 


5 
* 
' 


eg lh ee ee Oe Le 


KELLEY: ACTION OF MAGNESIUM CARBONATE, 287 


in the case of rye, oats, lupines, peas, and carrots. In some cases a 
given quantity of magnesium carbonate prevented growth altogether, 
while smaller quantities produced stimulation. In general Meyer 
found that the simultaneous addition of calcium carbonate and mag- 
nesium carbonate produced much the same effect as either when 
applied alone. It is probable that the results obtained from the use 
of magnesium carbonate and citrate and of calcium carbonate were 
due in considerable part to effects on the reaction of the soil rather 
than to modification of the lime-magnesia ratio. 

Hopkins (4) likewise found that while the application of magne- 
sium carbonate in quantities up to 0.8 percent of the soil produced 
notable stimulation in the yield of wheat in pot cultures, the addi- 
tion of 1.2 percent or more produced marked diminution in yield. 
In some cases complete failure of the crop was reported. These 
results likewise were probably due to changes in the reaction of the 
soil rather than to changes in the lime-magnesia ratio, as has already 
been pointed out by Gile (2). 

Many other citations could be made to the use of magnesium car- 
bonate, the results of which are susceptible of the same interpreta- 
tion. In fact, the literature* on this subject contains many references 
to experiments from various parts of the world in which it has been 
found that magnesium carbonate has produced injurious effects. 

In this connection it may be mentioned that burnt lime high in mag- 

nesia has long been looked upon as being likely to produce injury to 
vegetation. The older writings on agriculture (17) contain frequent 
reference to this fact. In general it has been assumed that the in- 
jury in such cases was due to excessive alkalinity occasioned by the 
magnesia. With few exceptions it appears, however, that excessive 
alkalinity has not been seriously considered in connection with the 
injury produced by precipitated magnesium carbonate. 
_ In 1912 the writer (5) began the study of the lime-magnesia ratio in 
relation to the biochemical formation of ammonia and nitrate in soils. 
The precipitated carbonates were employed as sources of calcium and 
magnesium and dried blood as the source of nitrogen. Two types of 
sandy soil from California were used. Later a more extended inves- 
tigation of the same general nature was made with a considerable 
range of soils from the Hawaiian Islands (6, 7). 


3 The reader is referred to a very complete bibliography of this subject by 


C. B. Lipman, Plant World, v. 19, no. 4, p. 83-115, and no. 5, p. 119-131. 10916. 


In the latter of these papers, Professor Lipman also makes reference to some 
original experiments in California in which magnesium carbonate He proved 
to ‘be injurious to plant growth. 
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In these investigations the methods that have been widely used 

among American bacteriologists were employed. Briefly, the method 
as used consisted in incubating portions of soils with varying amounts 
of magnesium and calcium carbonate, after first having added I to 2 
percent of nitrogenous substance (dried blood, soy bean cake meal, 
or ammonium sulfate) and sufficient sterile water to produce suitable 
moisture content. After fixed periods of seven and twenty-one days, 
respectively, the ammonia and nitrates were determined. The re- 
sults thus obtained formed the basis of considerable discussion. 
- It is not necessary at this time to discuss the several details of the 
method used in these studies, since the writer has already pointed 
out (8, 9) some of its irrational features and further discussion will 
be made elsewhere. Suffice it to say that after considerable study 
and investigation the writer believes that certain features of this 
method, especially the concentration of the nitrogenous substances 
employed, are so abnormal as to cast serious doubt on the practical 
value of the data obtained. 

At any rate, it is a matter of interest to note that under the con- 
ditions employed in the experiments referred to above, magnesium 
carbonate was found to be notably toxic to nitrification in certain soils 
and only slightly so. in others. Calcium carbonate, on the other hand, 
was stimulating in certain soils and produced only slight effects in 
others. In regard to ammonification, magnesium carbonate was 
again found to be toxic when added to certain sandy or silty types 
of soil, but stimulating in the heavier types of soil where calcium car- 
bonate produced only slight effects. 

In no case did the further addition of calcium carbonate greatly 
modify the effects produced by magnesium carbonate alone. In con- 
trast to the effects of precipitated magnesium carbonate, the naturally 
occurring double carbonate of magnesium and calcium, dolomite, was 
found to produce effects similar in every way to that of calcium car- 
bonate, and was not toxic in any case, even in soils where precipitated 
magnesium carbonate was extremely toxic. In one soil, for example, 
with all other conditions the same, it was found that nitric nitrogen 
was formed at the rate of 670 p.p.m. where calcium carbonate was 
added, 700 p.p.m. where dolomite was added, and only 38 p.p.m. 
where the same percentage (2 percent) of precipitated magnesium 
carbonate was added. In another case, the addition of only o.I 
percent precipitated magnesium carbonate to a sandy type of soil 
from California almost completely suppressed the formation of nitrate, 
while the addition of calcium carbonate in quantities up to 8 percent 
produced notable stimulation. | | 
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In discussing these data (6, 7) the writer made some reference to 
the possibility of excessive alkalinity having been a limiting factor 
where precipitated magnesium carbonate was used, but, on the whole, 
the view was expressed that the concentration of magnesium in the 
soil moisture was probably the more important factor. It was sug- 
gested that the concentration of magnesium in solution in soils might 
possibly become too high in certain cases for the progress of suitable 
biochemical action. But the results were interpreted as indicating 
that the ratio of calcium to magnesium is without significance so far 
as nitrification and ammonification are concerned. In the light of 
data presented below, however, it now seems more probable that the 
extreme toxicity produced by precipitated magnesium carbonate was 
due to excessive alkalinity. 

Lipman and Burgess (13) have more recently studied the effects 
of magnesium carbonate on nitrogen fixation by pure cultures of 
Azotobacter chroococcum and have found it to be distinctly toxic 
when added in more than very low concentrations. They likewise 
interpreted their results as being not due to excessive alkalinity but 
rather to excessive concentration of magnesium brought about by the 
treatment. 

In the course of some recent studies on the effects of various sub- 
stances on nitrification, data have been obtained which are of in- 
terest in this connection. 


EXPERIMENTAL RESULTS. 


The experiments were made with the use of two light sandy loam 
soils low in organic matter, drawn near Riverside, Cal. Varying 
amounts of different substances (Baker’s analyzed chemicals) were 
mixed with 100-gram portions of air-dried soil. After adjusting the 
moisture and incubating at 25° C. for four weeks, the nitrate was de- 
termined by the phenol-disulphonic acid method. In Table 1 are 

given the results showing the comparative effects of magnesium 
sulfate and magnesium carbonate on the nitrification of ammonium 
sulfate. The experiments were made in duplicate with closely agree- 
ing results. 
_ These data are in harmony with the results previously reported in 
showing that the addition of the precipitated magnesium carbonate 
may interfere with the formation of nitrate to a marked degree. 
_ As small an amount as 0.05 percent magnesium carbonate reduced the 
yield of nitrate in one soil from 84 p.p.m. to 70 p.p.m., and in an- 
other from 170 p.p.m. to 124 p.p.m., while the higher percentages pro- 
‘duced still more marked effects. Almost the same effects were pro- 


290 JOURNAL OF THE AMERICAN SOCIETY OF AGRONOMY, 


duced by 0.1 percent as by 0.5 percent in each soil. This may be ex- 
plainable by the fact that, since magnesium carbonate is a difficultly 
soluble substance, either of these amounts was sufficient to produce a 
saturated solution in the soil moisture. If so, the same effects might 
reasonably be expected to be produced in each case. 

On the other hand, the addition of magnesium sulfate up to as 
much as 0.5 percent produced no effect on nitrate formation. The 
effects of precipitated magnesium carbonate and magnesium sulfate, 
therefore, were widely different. 


ee 1.—Comparative effects of magnesium carbonate and nS sulfate 
on mtrification. 


Parts per million of nitric nitrogen. 
Materials added. 
Soil No. 1. Soil No. 2. 
Dello) 6) ENE, Se AA cet SEB MR AMG ete a Or fe email J 10.0 34.5 
0.55, percen€é..CNEWO ED SO ge ica wi eens eae 84.0 170.0 
0.15 percent (NH4sOH)2SO, and 0.05 percent MgCOs 70.0 124.0 
0.15 percent (NH4sOH)2SO, and 0.10 percent MgCOs L720 47.0 
0.15 percent (NH4OH)2SO, and 0.50 percent MgCOs3 13.2 - 44.0 
0.15 percent (NH4sOH)2SO, and 0.05 percent MgSO. 82.5 
0.15 percent (NHsOH)2SO, and 0.10 percent MgSOu 83.5 
0.15 percent (NH4sOH)2SO, and 0.50 percent MgSO. 82.0 
Original soil poe ee er pig edS cneerchananae heavens 02 5.0 


It has been pointed out elsewhere (5, 9) that precipitated mag- 
nesium carbonate may interfere with the formation of nitrate with- 
out being toxic to the formation of nitrite. In 1915 Pafiganiban (16) 
also noted this fact in some studies on soils from the Philippine 
Islands. Since nitrite becomes reduced to ammonia under the in- 
fluence of the reducing agents employed in the several reduction 
methods that are in use for the determination of nitrate, it is evident 
that the amounts of nitrogen found by these methods should not be 
looked upon as being derived solely from nitrate unless actual test 
proves the absence of nitrite. 

The above results would seem to indicate that the marked effects 
of precipitated magnesium carbonate on nitrification previously noted 
were not so much due to modifications in the lime-magnesia ratio or 
to increases in the concentration of magnesium as to effects on the 
reaction of the soil. 

In further study of this subject, a considerable range of substances 


was used in order to obtain evidence regarding the importance of an 


interchange of bases as a factor of influence. Soil No. 1 was used, 
with the same concentration of ammonium sulfate as in the pre- 
ceding series. The results are shown in Table 2 


Pe Ae 
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TABLE 2.—Comparative effects of different substances on mittrification. 


: Nitric 
nitrogen, 
Materials added, p-p.m. 
ey os in svc ccacacsscecenssetheuvandess j 210.0 
ES 89.0 
eerereent (iN ti.) ),50, and 0.05 percent Na.CO, ........ceceecvares 56.0 
Sememercent (261,011 ),5O, and 0.10 percent Na,CO, ........cccccceeeee 335 
meemercent (IN ti,01 ),50, and 0.50 percent Na,CO, .........-.s.e0e08: if 
mueemercent (NF.OH ),5O, and 0.05 percent Na,SO, ..:........ceee eee 76.0 
mmeemercent (vl1,0H),5O, and 0.10 percent Na,SO, .............c ee wee 60.0 
0.15 percent (NH,OH).SO, and 0.50 percent Na,SQ, ........ Big e ahysthocee a 41.0 
mumemencent (1¥it,01 ).5O, and 0,05 percent K,CO, ..........0000ce ees 30.0: 
meeercemt (Nt1,01 ).5O, and 0.10 percent K.CO, ................0065 17.5 
mememercent( NEO ),50, and 0.50 percent K,CO, .................66. 2.0 
mee percent (NiH,O1 ).5O, and.o.05 percent K,SO, ................002- 83.5; 
Seemereent (111,011 ),50, and 0.10 percent K,SO, .................00- 83.5, 
Beeeeerceny | 114) )o.50, and 0.50 percent. K.SO, -............... 0006 52.0) 
eee riot 250, and 0.05 percent CaO .......... 00. cc cece ece 15.0 
memeeercent ( Ni,O81),50, and 0.10 percent CaO ............... ccc ence 6.6 
meeeercent (Nt1,0H ).50, and 0.50 percent CaO ............... 0.00 0.8 
eercenct Nld,it).50, and 0.05 percent CaSO, .................06. 84.0. 
erect (Nid,Ol1),50, and 0.10 percent CaSO, ©. 000... cee eee 87.5; 
Seepeneemt (ii. ).50, afd 0.50 percent CaSO, ............0..0000e 84.0 
eeeenercent ( Nit,0O8 ),50, and 0.05 percent MgCO, .....5..5.....50000% 57.0 
me percent (NEH,OH),SO., and o.10 percent MgCO, ................02- 17.0 
merecnr( Ni,O11).50, and 0.50 percent MgCO, ................06- 16.4 
meeenertecnt ( VH.0H ).50, and 0.05 percent MgSO, ...............-006- 82.0 
meernercent (NH .OH).5O, and 0.10 percent MgSO, ................500. 85.0 
meeepercent (t1,011),50, and.o.50 percent MgSO, ...............0064% 80.0 


The results shown in Table 2 indicate again that the depressing 
effect of precipitated magnesium carbonate on nitrification is due to 
the fact that this substance may produce excessive alkalinity in soils. 
It is shown, for example, that both sodium carbonate and potassium 
carbonate produced effects quite similar to magnesium carbonate, 
while calcium oxide was somewhat more toxic than either of these 
substances. In view of the fact that calcium hydrate is known to be 
more strongly basic than magnesium carbonate, the results obtained. 
from the use of calcium oxide may be interpreted as supporting the 

_ view that the toxicity of precipitated magnesium carbonate was due 
_ to injurious alkalinity. 

: ‘The results of the application of different sulfates also indicate 
_ that the differences in the effects produced by magnesium sulfate 
and magnesium carbonate can hardly be attributed to an interchange 
of bases in the soil. : 
These data are also of interest in relation to the lime-magnesia 
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ratio. The effects of increasing amounts of calcium sulfate were 
almost identical with those of magnesium sulfate, neither having 
produced any notable effect. As will be shown elsewhere, magnesium 
sulfate has the power of replacing small amounts of calcium from 
this soil, but only limited.amounts. Chemical studies on this soil 
afford the proof that the ratio of calcium to magnesium in solution 
resulting from the application of calcium sulfate and magnesium 
sulfate must necessarily have been markedly altered by the amounts 
used above. Nevertheless, almost no effects were produced on the 
nitrification of ammonium sulfate. The conclusion seems warranted, 
therefore, that the nitrifying organisms have the power of adapting 
themselves to and can function equally well in the presence of con- 
siderable variations in the lime-magnesia ratio. 

The writer has pointed out elsewhere (9) that the effects of cer- 
tain soluble substances on the formation of nitrates differ widely when 
different concentrations of nitrogenous substances are employed. 
For example, with the use of 1 percent dried blood in one soil, 0.05 
percent sodium carbonate caused a diminution in the yield of nitrate 
from 172 p.p.m. to 31 p.p.m., while as much as 0.4 percent sodium 
carbonate produced no effect on the nitrification of 0.1 percent dried 
blood. Likewise, in another soil, when 0.15 percent ammonium 
sulfate was used, the addition of 0.1 percent sodium carbonate dimin- 
ished the yield of nitric nitrogen from 89 p.p.m. to 33.5 p.p.m. while 
marked stimulation resulted from the addition of the same amount of 
sodium carbonate when 0.0625 percent ammonium sulfate was used. 
Similar results have been obtained with the use of precipitated mag- 
nesium carbonate, as are shown in Table 3. 


TABLE 3.—The effects of magnesium carbonate on the mitrification of different 
concentrations of dried blood.% 


Parts per million of nitric nitrogen. 
Msteueladded: 1.0 percent dried 0.10 percent dried 
blood. blood. 
1 (0) = a PAE AR NAC Ns amet RTE eR SE ied oe 172.0 106.0 
0.05" percent: MgCOeria ss taser ee geet a ees 192.0 
0.40: percent MeC@ ar ey ti smorieraar ies ean = eae 88.0 102.0 
0.50. percent , Me@O@siet stein tes eee eae ee 40.0 104.0 


a Soil No. 2. 


These data show that marked diminution in the yield of nitrates 
from I percent dried blood resulted from the use of both 0.1 percent 
and 0.5 percent magnesium carbonate, while no effects were noted on 
the nitrification of 0.1 percent dried blood. 
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It is highly probable that the alkalinity due to the ammonia formed 
from 1 percent dried blood became so high as to approach the toxic 
limit, in consequence of which only slight amounts of any other 
alkaline substance (magnesium carbonate) were required to effect 
prohibitive concentrations of alkalinity. 


DISCUSSION. 


The preceding data show quite clearly that the effects produced by 
precipitated magnesium carbonate may differ widely from those of 
magnesium sulfate. The addition of comparatively small amounts 
of the former retarded the formation of nitrate to a marked degree, 
while as much as 0.5 percent of the latter produced no effect. It was 
also shown that the addition of other alkaline reacting substances 
such as sodium and potassium carbonates and calcium oxide produced 
effects similar to magnesium carbonate. In view of the fact that mag- 
nesium sulfate produced no effect on the nitrifying process and that 
precipitated magnesium carbonate and dolomite have previously been 
found to produce widely different effects, the former being toxic and 
the latter stimulating, and since much of the ordinary precipitated 
magnesium carbonate is known to contain magnesium hydrate, the 
conclusion would seem to be justified that the toxic effects that have 
frequently been noted in studies with the use of this material have 
been occasioned by excessive alkalinity. The writer recognizes, how- 
ever, that it will be necessary to show that the toxicity of precipitated 
magnesium carbonate is positively correlated with the hydroxyl ion 
concentration before the above conclusion can be definitely drawn. 
Investigations are being made with this end in view. | 

In any event, the data submitted above justify the conclusion that 
the inhibiting influence of precipitated magnesium carbonate toward 
nitrification was not due simply to excessive concentrations of the 
magnesium ion, for there can be little doubt that the larger amounts 
of magnesium sulfate produced considerably higher concentrations in 
the soil moisture than did the magnesium carbonate. . 

In connection with the investigations of Lipman and Burgess (13) 
on the effects of magnesium carbonate on introgen fixation, referred 
to above, they sought to determine whether alkalinity was an im- 
portant factor. The method used consisted first in determining the 
degree of alkalinity of a saturated solution of the magnesium carbo- 
nate and then in studying the nitrogen-fixing power of Azotobacter 
in Ashby’s mannite nutrient solution to which sufficient potassium 
hydrate had been added to effect a degree of alkalinity corresponding 
to that of a saturated solution of magnesium carbonate. They found, 
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however, that nitrogen fixation was stimulated by the addition of the 
potassium hydrate. Consequently the conclusion was drawn that the 
toxicity of magnesium carbonate was not due to injurious alkalinity, 
but to the magnesium ion. They say: 


The causticity of chemically pure magnesium carbonate as prepared by the 
Baker Chemical Company does not account for the toxic effects of magnesium 
carbonate. The latter effects must be due to the magnesium ion. The alkalinity 
of magnesium carbonate is beneficial, rather than otherwise, to 4. chroococcum. 


Careful study of the conditions that ensued in the experiments of 
Lipman and Burgess will show, however, that the effects noted may 
still be interpreted as having been due in part, at least, to excessive 
alkalinity. For, upon the addition of potassium hydrate to a portion 
of Ashby’s mannite solution, it is probable that slight precipitation 
of calcium and magnesium phosphates took place, thus introducing 
the solid phase, the absorptive power of which may have been a factor. 
But what is more important, the organic compounds that were prob- 
ably formed as a result of the decomposition of the mannite may 
have combined with the potassium hydrate and thus lowered the 
alkalinity. 

Where magnesium carbonate was used, the smallest amount was in 
excess of that capable of being completely dissolved in the solution 
present. Consequently, potential alkalinity was present throughout 
the experiment in sufficient amounts to maintain a saturated solution, 
whereas the mannite solution containing potassium hydrate probably 
became less and less alkaline as the growth of the organisms pro- 
ceeded. 

It should also be mentioned that Ashby (1) found magnesium car- 
bonate to produce greater stimulation in nitrogen fixation by Azoto- 
bacter in mixed cultures than calcium carbonate, and in each case a 
greater amount was fixed than in neutral solutions. A full explana- 
tion of the discrepancy in his results, as compared with those of Lip- 
man and Burgess, can not be given. It is possible, however, that the 
magnesium carbonate which he used contained less magnesium hydrate 
than that used by Lipman and Burgess, and also that the activity of 
other organisms present tended to neutralize the magnesium carbon- 
ate. Ashby calls attention to the fact that butyric odors were pro- 
duced in his neutral cultures, but not where magnesium carbonate 
was used. In commenting on this point, he says: 

During concentration the neutral cultures developed a strongly acid ‘odour, 


those with calcium carbonate a weaker one, and those: with magnesium car-: 
bonate, alone or mixed with calcium carbonate, gave no odour. When mag- 
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nesium carbonate was present, development was greatly delayed, but the yield 
of nitrogen was again larger, though not to so marked an extent as in the 
earlier experiment. In pure culture, Azolobacter gives rise to no acidity, either 
in solutions or on agar. One must conclude, therefore, that magnesium car- 
bonate not only neutralizes more effectually than calcium carbonate any trace 
of acidity due to foreign organisms in the early stages of culture, but also 
prevents butyric fermentation, but at first it inhibits the growth of Azotobacter 
itself. 


Finally, the investigations of McIntyre (14) afford strong evidence 
that precipitated magnesium carbonate is capable of exerting a 
strongly basic reaction in soils, as is shown by the fact that very 
large amounts of it were found to undergo decomposition with the 
evolution of carbon dioxide over long periods of time. 

, In view of the fact that the naturally occurring carbonates of 
magnesium produce widely different effects from the precipitated 
carbonate, together with the evidence set forth above, it seems reason- 
able to conclude that this material is unsuited for studies on the lime- 
magnesia ratio. With its use, effects on the reaction of the soil may 
so affect physiological processes as to obscure the effects that may be 
inherent within the ratio of calcium to magnesium itself, and there- 
fore the result obtained may lead to entirely erroneous conclusions. 

The data recorded above suggest the importance of the most 
thorough understanding of the chemical factors induced in soils by 
the application of treatments of different sorts. Soils are made up 
of complex yet varying mixtures of many substances, both organic 
and inorganic, the essential nature of some of which is known and of 
others little is definitely known. There is much evidence that the 
several points of chemical equilibrium in soils are easily shifted by 
the application of various substances, and the effects that finally mani- 
fest themselves on the physiological behavior of either the micro- 
organisms or of the higher plants may or may not be due to the direct 
action of the substance applied. 

Furthermore it is quite possible that the effects observed on the 
microbiological phenomena of soils do not bear a necessarily direct 
relation to the growth of crops. The urgent need in this as in other 
phases of soils and crop production is for exact knowledge concern- 
ing the chemistry and physics involved, without which the interpre- 
tation of soil biological phenomena must remain speculative. 
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EXCESS SOLUBLE SALTS IN HUMID SOILS.! 
S. D. ConneER.? 


When any soil in Indiana or the adjoining States in fair physical 
condition fails to produce good crops the usual procedure is to try to 
find what is lacking, so that lime, organic matter, or some fertilizing 
element may be supplied in order that better crops may be grown. 
While most soil troubles of a chemical nature in humid regions are 
due to lack of some necessary ingredient, there are some cases where 
the trouble is due to an excess of one or more soluble salts. The 
injury caused by these soluble salts may be due in some cases to toxic 
action of more or less dilute solutions of certain salts or it may be 
due to plasmolysis caused by relatively concentrated solutions of 
salts that are otherwise not injurious. 

The occurrence of excessive amounts of soluble salts in soils of 
humid regions has been reported by Cameron’ as occurring in Mary- 
land, Florida, etc. The Soils and Crops Department of the Indiana 
Agricultural Experiment Station* has reported unproductive soils 
which contained excessively high nitrate and other soluble salts. 
Stevenson and Brown® have also noted such soils as occurring in 
Iowa. Ames and Schollenberger® report Ohio soils containing large 
percentages of soluble salts. 

The following cases relate to humid soils containing rather con- 
centrated salt solutions. In September, 1913, two samples of peat 
soil were received from a farm near Toto, Starke Co., Ind. The 


1 Contribution from Soils and Crops Department, Indiana Agricultural Ex- 
periment Station. Received for publication March 20, 1917. 

2The writer desires to acknowledge the assistance of Mr. H. R. Smalley, 
who performed some of the analytical work presented in this paper. 

? Cameron, F. K. Soil solutions. U.S. Dept. Agr., Bur. Soils Bul. 17, p. 36. 
IQOT. 

4 Rept. Soils and Crops Dept., 26th Ann. Rept. Ind. Agr. Expt. Sta., p. 60. 
1913. 

5 Stevenson, W. H., and Brown, P.E. Iowa peat and alkali soils. Iowa Agr. 
Expt. Sta. Bul. 157. - 19015. 

6 Ames, J. W., and Schollenberger, C. J. Accumulations of salts in Ohio 
soil. In Soil Science, vol. 1, no. 6, p. 575. I916. 
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soil from a part of the field where onions were doing well contained 
0.45 percent soluble salts with 0.10 percent NO,. The sample from 
a part of the field where onions were dying contained 1.2 percent sol- 
uble salts with 0.44 percent NO,. One week later samples from 
another part of the same field were taken at depths of 1 inch, 6 inches, 
and 18 inches. The determinations of soluble salts and of nitrates 
are given in Table I. 


TABLE 1.—Percentages of soluble salts and of nitrates at different depths from 
two samples of peat soil from an onton field in Starke Co., Ind. 


Onions good. Onions poor. 
Depth of soil sample. ag 

Soluble salts. | NOs. Soluble salts. NOs. 
O:tolaineh se aes 0.22 | 0.100 0.52 0.3400 
TrEO O2Inches. eo re 045 22 0600 
Octo) BSsinches.rcc ae 1 | 060 14 0025 


Samples taken in July, 1916, near Cromwell, Ind., on peat soil 
contained 1.12 percent of soluble salts and 0.50 percent NO, where 
the onions were doing poorly and 0.57 percent of soluble salts and 0.17 
percent NO, where the onions were still good. In a number of 
other instances where onions were doing poorly on peat soils high 
percentages of soluble salts have been found. 

The analyses of four unproductive black soils are given in Table 2 
and the composition of water extracts of the same soils is shown in 
Table 3. These four soils may be described as follows: 

A. Unproductive peat from Noble ‘Co. This soil failed to produce corn or 
onions after fertilization with potash and phosphate. 

B. Unproductive peat from Starke Co. on which onions failed to grow after 
potash and phosphate fertilization. 
~ C. Unproductive peat from Kosciusko Co. This soil had never produced a 
crop before or after fertilization. 

D. Unproductive peaty sand from Wanatah Field in aes Go. ipeh 
Crops did not grow on this soil until 2 tons to the acre or more of limestone, 
together with acid phosphate and potash, were applied. Good crops were a 
duced after this treatment. 

Soils A and B are of a type similar to the Toto and Cromwell 
soils where at certain seasons of the year the concentration of salts 
at the surface may be easily high enough to plasmolyze the tissue of 
tender growing plants. These soils are often coated with a white 
crust and may be truly called alkali soils. The composition of the 
water extract as shown in Table 3 would indicate that the bulk of 
the alkali salts are nitrates with lesser amounts of sulfates and 
chlorids. Calcium is the most abundant base. While these soils are 


: 
‘ 
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TABLE 2. —Analyses vile ‘dead unproductive black soils in Indiana, 
Tiettenttasion. Soil A, | Soil B,. Soil C. | Soil D. 
Percent. Percent. Percent. | Percent. 
Insoluble SiOz, etc.*......... 8.96 5-65 14.71 88.63 
0 Se a ee 07 .20 02 .14 
a Pa Ee or oA .18 .06 .05 
Sar eae 3.32 2.99 .03 .08 
SEAS eg -43 52 .24 Pp 
URIBE Sy Oye eides Ss Trace Trace Trace Trace 
PEE Osc cr Wives: as 42 78 .24 .78 
oe SEN Be cae 3.75 1.28 1.03 2.64 
OE Pa .50 .36 .25 .08 
ke aa ese .56 .66 .21 .10 
WEINER tirat Socata t «.s ‘32 Trace Trace Trace 
AG) a rr a 79.41 87.72 83.53 8.16 
Mave INU. SLA. TD 33-58 pct 31.09 pet. 44.45 pct. 4.86 pct. 
CO Co Cie 10.06 pet. 16.64 pct. 43.08 pct. 4.64 pet. 
SEMI MIGTOG@GI, cc... sy es S.S7 Dek. 4.03 pct. 2.34 pet. .28 pct. 
Swreretes (NOs). cae. 1,000 ppm. | 2,670 ppm. 167 ppm. 134 ppm. 
ol SS SNe 250 lbs. 750 lbs. 8,000 lbs. 3,500 Ibs. 


« Digestion in HCL, sp. gr. 1.115. 

» Extracted without previous acid treatment. 

¢ Phenol di-sulfonic acid method. 

@ Potassium nitrate method. Results expressed in pounds of CaCO; per 
2,000,000 pounds of soil. 


somewhat acid in reaction, they contain a large amount of calcium 
and organic nitrogen. During. the warm weather of spring and 
summer, active nitrification sets in and large amounts of nitrates 
accumulate. These nitrates, together with other soluble matter, are 
brought to the surface and are deposited when the soil moisture 
evaporates. This type of soil gives no trouble and shows no exces- 


TABLE 3.—Composition of the water extract from the four unproductive aac 
soils, the analyses of which are given in Table 2. 


Determination. Soil A Soil B. Soil C. Soil D, 
Grams Grams. Grams. Grams. 
6 ES Ge 6 06 ee 20.0720 0.0312 0.0078 0.0161 
“A A aah a aa 0456 .1080 {0321 .O118 
(TEAR SS Se ee 0393 0737 .0158 .0342 
SUS, 1 Se ea 2070 .6066 O©EZ .0200 
UE OS ee eee ere 0335 1573 .0072 .0202 
Ls SSS ee 0000 .0002 .0000 .OOTO 
- RL SS a 0025 .0270 pEsS .0172 
3 ee 0053 .0208 .0667 .0062 
2) 2 Se 0044 -O145 s0TO8 7." .0080 
Rene 1543 -3507 .0855 OL77, 
NO Sa rr -7407 2.6667 .1066 .2500 
EDS Oe 1332 .3000 .0613 .0693 
eieagic Matter, 6tc.......... 1762 -3040 -5482 cE TT 


_.@Grams dissolved by leaching one kilo of soil with 4,000 cc. distilled water. 


o 
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sive accumulation of salts when left in grass and not cultivated. 
Trampling by stock as in pasturing has a tendency to benefit them 
permanently. Rolling with very heavy power rollers has been tried 
with more or less success. The more compact they are kept the less 
active is the nitrification and the less the salts tend to accumulate. 

Soils C and D are types found in some localities in Indiana. Such 
soils are quite low in calcium or other bases and are very acid. The 
water extracts show relatively high concentrations of aluminum salts 
which have been shown to be quite toxic to plant roots in very dilute 
solutions. This type of soil does not show very high concentrations 
of total salts. There appears to be little doubt that the unproductive- 
ness of this type of soil is due principally to the presence of soluble 
aluminum salts.’ All very acid black soils which have been examined 
by the writer have been found to contain water soluble salts of 
aluminum. In some black soils doubtless the infertility may be due 
to a combination of high soluble salts and to toxic substances. 

There are also large tracts of peat and peaty sand soils in Indiana 
which do not come in either class of the soils which have been dis- 
cussed. Probably the largest areas of peaty and muck soils in this 
State are deficient in potash. There are other areas which respond 
only to phosphate.’ 

Other than the black soils, there are probably no alkali soils of 
natural origin in Indiana. Quite often, however, some land owner 
sends to the experiment station a sample of soil which will not pro- 
duce crops on account of too much soluble salts. Such soils are gen- 
erally of artificial origin caused by accumulation of refuse. A farmer 
near Warren, Ind., reported a spot of soil in a field on which nothing 
would grow. The percentages of water-soluble materials found in 
samples of this soil taken at depths of 0-6, 12-18, and 24-30 inches 
are shown in Table 4. 


TABLE 4.—Water-soluble materials in silt loam soil from unproductive spot near 
Warren, Ind. 


Depth of sample. 
Determination. 
o-6 inches. 12-18 inches. 24-30 inches. 
Percent. Percent. Percent. 
Witratess(NOs). ...:..4 Cae 0.10 .03 0.012 
Potash (KO) .4...5.5 sear 85 42 .440 
Soluble salts. 7... enh ee 2.54 I.40 1.230 


7 Abbott, J. B., Conner, S. D., and Smalley, H. R. The reclamation of an 
unproductive soil of the Kankakee marsh region. Ind. Agr. Expt. Sta. Bul. 170. 
1913. 

8 Conner, S. D., and Abbott, J.B. Unproductive black soils. Ind. Agr. Expt. 
Sta daw srs57. «Tore, 
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The analysis in Table 4 shows that the unproductivity was due to 
the presence of water-soluble salts, principally potash. This unpro- 
ductive place was in a part of the field where a stable had been 
located up to five years previous. This is a good demonstration of 
the fact that plant food is being continually lost by leaching in stables 
that do not have water-tight floors. In this case the farmer was ad- 
vised to dig out the unproductive spot and spread it on the remainder 
of the field as manure. Similar soils from other parts of the State 
have been tested with like results. 


SUMMARY. 


1. Black soils in humid regions sometimes contain excessive 
amounts of soluble salts. 

2. These soluble salts may cause injury to crops, due to high con- 
centration of nontoxic salts, to a lower concentration of more toxic 
substances, or to a combination of both. 

3. The salts occurring in high concentration are generally nitrates. 

4. The toxic salts occur generally in acid soils and are mainly 
soluble salts of aluminum. 

5. The only clay and loam soils that were found to contain exces- 
sive soluble salts were of artificial origin, such as spots where old 
stables had stood. 


INDIANA AcrR. Expt. STATION, ¢ 
La Fayette, INDIANA. 
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AGRONOMIC AFFAIRS. 


THE ANNUAL MEETING. 


The Executive Committee of the American Society of Agronomy, 
at a meeting last November, agreed to hold the next meeting at the 
same place as and on the two days preceding the meeting of the As- 
sociation of American Agricultural Colleges and Experiment Stations. 
At that time it was the plan of the latter organization to meet in 
Springfield, Mass., in October, in connection with the semicentennial 
celebration of the Massachusetts Agricultural College. This celebra- 
tion has been abandoned and the Executive Committee of the A. A. 
A. C. E. S. has decided to meet in Washington, D. C.,. about the 
middle of November. The tenth annual meeting of the American 
Society of Agronomy will be held, therefore, in Washington, pre- 
sumably on November 12 and 13. All those who expect to attend 
and to present papers are requested to send titles to the Secretary at 
the earliest possible date. Also, those who plan to come are asked to 
inform the Secretary as to whether or not they will attend an agrono- 
mists’ dinner on Monday, November 12, if one is arranged. 


MEMBERSHIP CHANGES. 


The membership of the Society, as reported in the May issue, was 
643. Since that time 9 new members have been added, 4 have been 
reinstated, and I has resigned, a net gain of 12 and a present total 
membership of 655. The names and addresses of the new and rein- 
stated members and the name of the member who has resigned, with 
such changes of address as have come to the notice of the Secretary, 
are as follows: 


New MEMBERS. 


DaAANE, ADRIAN, 225 Duncan St., Stillwater, Okla. 
FLEMING, FRANK L., Jireh, Wyo. 

GRAHAM, E. E., R. No. 2, Stonewall, Okla. 

Jarvis, Or1n W., Pacific Sugar Corporation, Tracy, Cal. 
Kim_E, P. H., West Raleigh, N. C. 

Mureuy, Henry, 318 West St., Stillwater, Okla. 

Rivey, J.A., Chester.cS. CG, 

SPENCER, E. L., 210 Elm St., Stillwater, Okla. 

Wake, J. O., West Raleigh, N. C. 
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Members REINSTATED, 
CHAPMAN, JAMES E., 2316 Pierce Ave., St. Anthony Park, St. Paul, Minn. 
Currey, Hiram M., Bureau of Markets, U. S. Dept. Agr., Washington, D. C. 
Lecuner, H. J., Washington State Normal School, Ellensburg, Wash. 
Witson, Bruce S., Experiment Station, Manhattan, Kans. 


MEMBER RESIGNED. 
Peters, Davip C. 
ADDRESSES CHANGED. 


BARKER, JOSEPH F., College of Agriculture, Columbus, Ohio. 

Bovinc, Paut A., University of British Columbia, Vancouver, B. C. 
BurNeEttT, Grover, Mackay, Idaho. 

Currey, Hiram M., Bureau of Markets, U. S. Dept. Agr., Washington, D. C. 
Dorsey, Henry, Agr. Expt. Sta., Morgantown, W. Va. 

FLETCHER, O. S., E. 915 Augusta Ave., Spokane, Wash. 

Henpry, Geo. W., University of California, Berkeley, Cal. 

Hirt, Pore R., 215 Lucy Ave., Memphis, Tenn. 

Hopson, Epcar A., Box 285, West Raleigh, N. C. 

Hotianp, B. B., 800 Jefferson St., Amarillo, Tex. 

HUu.sert, Harotp W., Farm Crops Dept., University of Idaho, Moscow, Idaho. 
Hutcuison, C. B., Dept. Plant Breeding, Cornell Univ., Ithaca, N. Y. 
McApams, JAMES, care State Board of Agr., Topeka, Kans. 

MILLER, FRANK R., Room 2132, 2 Rector St., New York, N. Y. 
Miyake, Koji, College of Agr., Tohoku Imp. Univ., Sapporo, Japan. 
ScHICcK, G. M., Plainview, Tex. 

Otson, M. E., Soils Section, Iowa State College, Ames, Iowa. 
SLEETH, E. C., Jefferson, Ohio. 

VAN Evers, R., Abraham, Utah. 

SMITH, RAYMOND S., 304 Elmwood Ave., Ithaca, N. Y. 

Taceart, J. G., Lower Onslow, Nova Scotia, Canada. 


NOTES AND NEWS. 


H. W. Barre has been appointed director of research at Clemson 
College, S.C. He will be director of the experiment station but not 
dean of the college ; the latter office will not be filled at present. 


N. Eric Bell, formerly with the Alabama State soil survey, is now 
county agent in Hale Co., Ala., with headquarters at Greensboro. 


Sidney Bliss of Ohio State University has been appointed assistant 
in the division of soils at the Ohio station. 


~W. C. Boardman and O. H.- Smith, assistants.in the soil: vey 
at the Ohio station, have resigned. © 


P. A. Boving, who has been in charge of root investigations’ at 
Macdonald College, is now assistant professor of agronomy in the 
University of British Columbia. 
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A. D. Hall, formerly director of the Rothamsted station and well- 
known writer of agricultural books, has been appointed permanent 
secretary of the Board of Agriculture and Fisheries of Great Britain. 


J. G. Hamilton, assistant agronomist of the New Mexico station, 
resigned March 1 to become county agent of Valencia Co., N. Mex. 


E. C. Higbie, superintendent of the West Central School of Agri- 
culture and of the substation at Morris, Minn., has resigned, effective 
July 31. 

H. W. Hulbert, a graduate of the Michigan college and post- 
graduate of the lowa college (1917), has been appointed to the farm 
crops department of the University of Idaho. 


Dr. George E. Ladd has resigned as president of the New Mexico 
college and has been succeeded by Dr. A. D. Crile. 


C. E. Neff is assistant in agronomy at the Delaware college and 
station. 


M. E. Olson, scientific assistant in corn investigations in the 
U. S. Dept. of Agriculture for the past year, has returned to the 
Iowa college, where he will superintend cooperative experiments in 
soil fertility over the State. | 


George Severance, formerly professor of agriculture of the Wash- 
ington college, is acting director of the Washington station, succeed- 
ing Jra DD. Gardift. 


_V. M. Shoesmith, professor of farm crops and farm crops ex- 
perimentalist at the Michigan station since I9QIO, is now superin- 
tendent of a 4,300-acre tract of land near Grand Rapids, Mich. 


R. R. Spafford is now assistant in farm management at the 
Nebraska station. 


A section of the American Society of Agronomy has been estab- 
lished at the University of Illinois, with Robert Stewart president, E. 
A. White, vice-president, and E. A. Torgerson, secretary-treasurer. 


The State of Texas has recently located junior agricultural colleges 
at Stephenville and Arlington. At Stephenville the buildings and 
grounds of John Tarleton college have been acquired and 500 acres 
of land donated for experimental and demonstration purposes. A 
locating board has also inspected numerous sites with a view to locat- 
ing the new West Texas Agricultural and Mechanical College. 
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THE EFFECT OF PROLONGED GROWING OF ALFALFA ON THE 
NITROGEN CONTENT OF THE SOIL.’ 


C. O. SWANSON. 


Grain crops get their nitrogen from the soil. The ultimate source 
of this nitrogen is the air. Over each acre there is enough nitrogen 
to produce 50,000,000 bushels of corn. All crops get their carbon 
from the air. Over each acre there is only enough carbon to produce 
_ 200 bushels, yet carbon has never figured in the commercial valuation 
of plant food, while under normal conditions nitrogen is the most ex- 
_ pensive element. (Abnormal conditions due to the great war make 
potassium at present the most expensive.) The fundamental reason 
for this difference between nitrogen and carbon is that all green 
plants have their own physiological organ for obtaining carbon from 
the air, while they have no such corresponding organ for obtaining 
nitrogen. Thus, while plants are bathed in an atmosphere approxi- 
mately four fifths nitrogen, they starve for the want of it unless they 
can get it from the soil. On the other hand, they get all the carbon 
they need, although the atmosphere contains only about 0.01 percent. 

The power of legumes to improve the crop-producing power of the 
soil was known to the ancients. Just how this improvement came 
about remained for the modern chemist and bacteriologist to demon- 
strate. The scientific facts connected with these phenomena are so 
well known that it is not necessary to dwell on them here, but, like 
all new discoveries, certain phases are likely to be overworked. Stu- 

1 Contribution from the Department of Chemistry of the Kansas Agricul- 
tural Experiment Station, Manhattan, Kans. Read at the spring meeting of 


the American Chemical Society, Kansas City, Mo., April, 1917. This is a par- 
tial report of work still in progress. Received for publication May 10, 1917. 
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dents of soil fertility who have studied deeply and who think clearly 
have questioned some of the enthusiastic statements made in regard 
to the power of legumes to restore and maintain the crop-producing 
power of the soil. 

No attempt is made in this paper to review the literature on the 
subject. From experimental work under scientific control as well as 
from the practical experience of farmers, there is abundant evidence 
as to the power of legumes to improve the crop-producing power of 
the soil. The only question of which there is any doubt is in regard 
to the amount of nitrogen added to the soil when legumes are grown 
under conditions usually found on the American farm. As com- 
pared with other legumes, particularly red clover, little work has been 
done with alfalfa. This is partly due to the fact that alfalfa has not 
been grown generally by farmers in this country for as long a time 
as red clover, and partly to the fact that alfalfa is not so readily 
adapted to rotations. When a field has a good stand of alfalfa the 
value of this crop is so great that it is often more profitable to con- 
tinue growing it there than to plow it under and grow something else. 

A few citations from reports of work on this phase of soil fer- 
tility illustrate the general situation. Knorr? makes the following 
statement: “In every case where crop followed alfalfa the highest 
average yields were obtained, indicating very strongly that the alfalfa 
has a beneficial effect on the succeeding crop.” This is a usual con- 
clusion from experiments of this nature and such results are entirely 
possible without the actual increase in the stock of nitrogen in the 
soil. Lyon and Bizzell? grew alfalfa and timothy for six years on 
adjoining plots. On plowing up these were planted to corn the first 
year and to oats the second. The yield of corn grain was 62 bushels 
on the alfalfa plot and 47 on the timothy plot. The oats yielded 26 
bushels on the alfalfa and 27 on the timothy plot. Analysis of the 
soils from the two plots showed that the alfalfa soil contained not to 
exceed 0.01 percent more nitrogen than the timothy soil. This would 
amount to 250 pounds per acre if the soil is assumed to weigh 
2,500,000 pounds to a depth of 8 inches, Anyone who has sampled 
and analyzed soil knows the difficulty of working on such a small 
margin. This work of Lyon and Bizzell raises the two questions of 
most importance in connection with the relation of legumes to soil 
fertility: (1) Was there a greater accumulation of nitrogen in the 

2 Knorr, F. U.S. Dept. Agr., Bur. Plant Ind., Rept. of work on Scottsbluff 
experiment farm, 1913. 

3 Lyon, T. L., and Bizzell, J. A. Experiments concerning the top-dressing of 
timothy and alfalfa. N. Y. Cornell Agr. Expt. Sta. Bul. 339. 1913. 
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alfalfa soil during the six years than there was in the timothy soil 


during the same length of time? (2) Was the greater productivity 
of the alfalfa soil due to the greater availability of the nitrogen? 

Alway and Bishop* report analyses of samples of soil from an 
alfalfa field and from a corn field. They conclude that “no marked 
difference is to be seen between the amounts of nitrogen in the soil of 
the two fields as represented by the samples analyzed.” 

This paper does not deal with the question of whether the stock 
of nitrogen in the soil can be increased through the growing of 
legumes (in this case, alfalfa). The question is: When alfalfa has 
been grown on land for a number of years and all the crop has been 
harvested as hay, no return of any kind having been made to the 
soil, has the stock of nitrogen been increased on that particular piece 
of land? . 7 

To find out what prolonged growing of alfalfa does to the soil was 
a question taken up by the Kansas Agricultural Experiment Station 
two years ago. A number of fields in Kansas have been continu- 
ously in alfalfa for twenty to thirty years or more. In most cases 
it is possible to find near by soil of the same type which has been con- 
tinuously under cultivation since it was broken, thirty-five or forty 
years ago, and soil in native sod, used either as pasture or as hay 
land. By sampling and analyzing the soil in the various fields it is 
possible to learn something in regard to the effect of long produc- 
tion of alfalfa on the soil. This experiment was carried on in co- 
operation between the departments of chemistry and agronomy. The 
samples have all been taken by the author, either alone or with the 
assistance of field members of the Division of Extension.° 

The samples were generally taken in four different strata, namely: 
0-7 inches; 7-20 inches; 20-40 inches; and 40-80 inches. For the 
upper three strata a soil auger was generally used. For the lowest 
it was found best to use a soil tube, particularly in western Kansas. 
Borings were made in a number of places in the field sampled. In 
most cases the alfalfa field, the field in native sod, and the field under 
continuous cultivation were in very close proximity, separated only 
by a fence or a road. In western Kansas most of these fields were 
on bottom soil. Anyone who has sampled soil for chemical analysis 
knows that bottom soils are most difficult to sample because of the 

4 Alway, F. J., and Bishop, E. S. Some notes on the alfalfa and clover resi- 
dues as sources of soil nitrogen. Jn 25th Ann. Rpt. Nebr. Agr. Expt. Sta., p. 
56-65. IQII. ? 

5 To all who have assisted in this work the author wishes to express his 


appreciation, particularly to Mr. W. L. Latshaw, who is in charge of the chem- 
ical soil laboratory. 
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abrupt changes that are found, especially in strata below the surface. 
Because of this difficulty the results of analysis do not always show 
the correlation expected. In this paper results on nitrogen only are 
presented. The samples were analyzed also for phosphorus, calcium, 
and carbon, the latter in order to obtain data on the amount of or- 
ganic matter. 

The results of the chemical analysis for nitrogen are given in 
Table 1. This table gives the county where the sample was obtained, 
the sample number, the cropping condition of the field, and the per- 
centages of nitrogen found in the four different strata. In making a 
preliminary study of these figures it was found that the results could 
be classified under three heads, viz: samples taken in the eastern 
portion of the state, where the rainfall is about 30 inches or more; 
samples taken in the west central part, where the rainfall is less than 
30 but more than 20 inches, and samples taken west of the line of 
20-inch rainfall. These regions will be referred to as humid, semi- 
humid, and semiarid. 

One of the first facts noticed is that in the semiarid portions of the 
state the alfalfa soils have at least as high a percentage of nitrogen 
as the soils in native sod and that the difference between the culti- 
vated soils and the soils in native sod is small. In humid regions all 
the soils in native sod contain a larger percentage of nitrogen than 
the soils in alfalfa, while with a few exceptions the soils in alfalfa 
contain a larger percentage of nitrogen than those continuously 
cropped. It should be noted that the alfalfa fields in the humid 
section were on the average less than two thirds the age of the fields 
in the semiarid section. 

In the semihumid section the results resemble both the semiarid 
and the humid. In some cases the alfalfa soil has more nitrogen 
than the native sod, and in other cases the native sod has the more. 
The fields here were somewhat older than in the humid section, but 
on the average not as old as those in the semiarid. 

Thus far the comparison is direct and simple. When the attempt 
is made to figure how much nitrogen has been stored in these alfalfa 
soils the problem becomes complicated. The nitrogen content of the 
fields in alfalfa at the time when these soils were first seeded is not 
known. All had been in cultivation for some time; this time was 
longest in the humid section and shortest in the semiarid. As soon 
as native sod is broken up and cultivation commences, loss of nitro- 
gen begins. Some of the nitrogen is removed by the crop, but, as is 
well known to students of soil chemistry, the greater relative loss in 
new soil is through decomposition and oxidation of the organic mat- 
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TABLE 1.—Percentage of nitrogen in different strata of some Kansas soils. 


HUMID SECTION, 


. 
‘ County a 
: 
= Brown...... 1768 
 SUSASASS 1770 
oe Se (1769 
Nemaha..... 1765 
ee 1767 
Do. . |1'766 
Leavenworth. |1318 
Do. 1319 
Montgomery |12094 
Do. 1296 
Do. 1295) 
Do. 1207 
Do. 1298 
Dickinson. ..|1874 
Do. .- {1876 
Do. .|1875 
Do. au 2877| 
a. . -|1879 
Do. .|1878 
Mitchell..... 2771 
i To eee le ee 1772 
BOs! ET, | 1774 
OS, See gene 1773 
Mt athens ts 1779 
Gir sass 1778 
1 eee a ge arr g 
Osborne..... 1783 
Vs ae SE 1784 
2 aera 1782 
1s epee en ange 1787 
PAG Sos. 2 1789 
Bh. 08 2 1788 
Finney...... I299 
PSS 1300 
RG es i ses 1303 
RO ads 1302 
ST ae ae 1301 


Description of soil, Depth of sample. 
Treatment. Character, i SO tall Wane I a | 40-80 
in, In, in. In, 
Alfalfa 28 years ‘Rolling upland|o.211 |0.142 |0.062 0.031 
Native pasture, white Do. .229| .133| .073| .048 
clover 
Cropped to grain 45 years Do. -160| .135| .066| .031 
Alfalfa 21 years Do. —71r| .081 | 4032 | .008 
Native pasture, blue stem Do. -I8I | .085| .028) .008 
Cropped to grain 45 years Do. .160| .135| .066| .031 
Alfalfa 14 years Do. e222) | 077 | LAT 
Native meadow, blue stem Do. | 206 | ..225 | .144'\.082 
Alfalfa 12 years Upland St: 2800) |).054 | 09 ¥ 
Native meadow, bluestem, Do. <1e0.|. 2114) .067.| .024 
Cropped to grain 35 years Do. (ro: -004'|..050 | 3030 
Alfalfa 10 years Do. .168| .087]| .038]| .028 
Cropped to grain 40 years Do. 295 | 070.) 2043) 1,026 
Alfalfa 20 years Bottom 168 | .117| .084] .o51 
Native meadow, blue stem Do. .204| .134| .109| .062 
Cultivated, mostly corn, Do. .I40| .101| .084]| .062 
35 years 
Alfalfa 20 years Upland 257). .E34,\03077 1.600 
Native pasture, blue stem Do. .204| .131| .080] .066 
Cultivated, grains, 40 Do. -163 | .120| .070| .069 
years (manured) 
SEMIHUMID SECTION. 
Alfalfa 24 years Bottom .203 | .098| .034]| .020 
Cultivated 30 years Do. -180:|" 093 | 0337 .017 
Alfalfa 24 years Upland .269|-.10I | .090| .045 
Native pasture Do. .238| .140| .067| .062 
Alfalfa 23 years Bottom .160} .068| .062/} .048 
Native pasture Do. -180| .069| .048| .026 
Cropped 30 years Do. -129| .058| .069| .064 
Alfalfa 20 years Do. -184| .101| .062] .039 
Native pasture Do. <250:|-.120:|..066 | .038 
Cropped 40 years Do. -134| .096| .050! .033 
Alfalfa 33 years Do. .196| .095| .084 
Native wood Do. e220) ELS | LOOS 
Cultivated 35 years Do. -143 | .078| .046 
SEMIARID SECTION. 
Alfalfa 20 years Upland, not |0.168 |0.085 0.047 |0.040 
irrigated 
Native range Not irrigated | .137| .084| .038| .048 
Alfalfa 27 years Bottom, irri- | .200| .113| .067| .035 
gated 
Native buffalo grass Not irrigated | .135| .086| .o50| .031 
Cropped to grains 20 years | Irrigated -134| .I01| .058]| .033 
i 


310 JOURNAL OF THE AMERICAN SOCIETY OF AGRONOMY, 


TABLE 1.—Percentage of nitrogen in Kansas soils Continued. 
SEMIARID SEcTION.—Continued. 


aS —— — 


Description of soil. Depth of sample. 
County. Soil | 
No. Treatment. Character, 0-7 | 7-20 | 20-40 | 40-80 
in. in, in, In, 
Minne yy.) oat, 1304| Alfalfa 27 years Bottom, not | .178| .080| .048]| .020 
irrigated 
TD Os << Stes 1305) Cropped to wheat 27 years | Bottom, not | .079]| .057| .039| .o12 
irrigated 
Do. eee 1306| Alfalfa 30 years Bottom, irri- | .192| .082!| .040| .o10 
gated 
DG ines lane 1308; Native pasture Bottom, irri- | .099| .052/| .048] .028 
gated 
Des Cates: 1307| Cropped to grains 30 years | Bottom, irri- | .097| .066| .036] .o10 
gated 
Bond: p53 n ake 1310| Alfalfa 30 years Bottom, not | .210| .085| .069| .075 
| irrigated 
Doren as 1311| Native buffalo grass | Bottom, not] .171| .108| .061| .073 
| irrigated 
Doetiwaiiee 1312] Cropped to grains 30 years | Bottom, not | .136] .079| .057] .055 
irrigated 
Wallace..... 1811| Alfalfa 25 years | Bottom, irri- | .182| .ro01 .039 
| gated 
1B ory Meals oot 1812| Native range Bottom, not] .151| .088| .052 
irrigated 
Sheridan. ...|1806} Alfalfa 20 years Bottom 187.) TOG: -2Ony 043 
Do. ..../1807| Native grass Do. 182 |:.L55) 206ad-.068 
Do. ..../1808]| Cropped 20 years Do. -118 |. <057 7)" 084 ]- 4022 
Do. .....|1809! Alfalfa 20 years Upland .153 | .066| .040] .026 
Dow, 421.58 te} Native grass eee @ or IS7 |.07215.038) -Og4 


ter. The rate of this loss decreases as time goes on. The amount 
removed by the crop depends on the size of the crop. Then there 
is a small amount of nitrogen restored to the soil by means other 
than legumes. The relative value of these as nitrogen restorers has 
been less studied than the legumes. 

In no case, except in the fields in the semiarid part of the state, has 
a continuous growth of alfalfa stored enough nitrogen to make the 
content in the soil equal to or more than that in the native sod. As 
the nitrogen content in the alfalfa soil is greater than in the soil con- 
tinuously cropped, however, it means either that the alfalfa has 
stored nitrogen so that the content is greater than it was when the 
alfalfa was sown, or that the nitrogen content has simply been main- 
tained. Which one of these is predominating must be calculated on 
certain assumptions. 

That alfalfa, like other legumes, has power to take nitrogen from 
the air is a well-recognized fact, but just how much it takes from the 
air and how much from the soil is not so well known. It is known 
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that alfalfa, like other legumes, does take nitrogen from the soil and 
that the proportion taken is greater in soils rich in nitrogen. Dr. C. 
G. Hopkins expresses the opinion in his Soil Fertility and Perma- 
nent Agriculture that legumes on the average take as much nitrogen 
from the air as is stored.in the tops, and as much as is stored in the 
roots has come from the soil. This would mean that where the crop 
was entirely removed as hay, the growing of alfalfa would simply 
maintain an equilibrium. On all these fields, as far as known to the 
writer, the hay crop was removed and no manures or fertilizers of 
any kind applied. 

In Table 2 are presented the calculated results from the places 
where the three fields, alfalfa, native sod, and cultivated, were closest 
together. The analytical data, calculated as pounds per acre in the 
surface soil (o—7 inches) for the three fields is given in columns 2, 3, 
and 4. In columns 5 and 6 are given the number of years of con- 
tinuous alfalfa production and the number of years of continuous 
grain production. By subtracting the figures in column 4 from 
those in column 3, the loss of nitrogen through grain growing is 
obtained. These figures are given in column 7. The average yearly 
loss is obtained by dividing this loss by the number of years in cul- 
tivation. ‘This average yearly loss is only approximate, because, as 
above noted, the rate is a diminishing one. This figure for the aver- 
age yearly loss is probably the best one to use for the present pur- 
pose. By multiplying the average annual rate of loss into the number 
of years the land was in cultivation before the alfalfa was seeded, the 
amount of loss sustained during the period between breaking up of 
the native sod and the seeding of alfalfa is obtained. The figures so 
obtained are given in column 9. This loss no doubt is too small, for 
the reasons given. By subtracting the figures in column 9 from 
those in column 3 the amount of nitrogen present in the soil when 
the alfalfa was seeded is obtained. The figures so obtained are 
given in column 10. By comparing the figures in column 10 with 
those in column 2, the gain or loss of nitrogen in the soil is obtained. 
These figures are given in column 11. 

Only three fields in the semiarid part of the state show a large 
gain. The losses in some of the others more than overbalance the 
gains in the rest. This simply means that the continuous growing 
of alfalfa where all the hay crop has been removed has not added 
to the stock of nitrogen in the soil. All that the growing of alfalfa 
on these fields has done, over and above grain growing, has simply 
been to prevent further losses or add enough nitrogen from the air 
to take the place of what is lost. 
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TABLE 2.—Gain or loss of nitrogen in pounds per acre in fields devoted to the 
continuous growing of alfalfa. 


Pounds of nitrogen Loss of nitrogen. 
per acre. Pounds 

Vears)| WEBFs)) 72 i ne ean 

County. in im Total Meo Oss nitro- Or | oss 

Al- Na- | Cro _|alfalfa.| rain before} gen | while in 

falfa. | tive. ped. ee pon seal mete pes nate 

ping. | loss. | alfalfa, 

BLOWN. .4.2cto tee hake eee 4,220] 4,580| 3,200} 28 45 |1,380| 31 52771 4,056. 4-170 
INemiaha ton. oosta tae 3,420| 3,620| 3,200] 21 45 420) 46 216|3,400| + 20. 
Montgomery =. oc). 2,620| 3,720) 2,200] 12 25 E520) fae 989 | 2,730| — 190 
Dickinson cp. kee ee oe 3,360) 4,080| 2,800, 20 35; .£,200) @2r7 Soe aseOl— 270 
UD Yo ae ara ah et 3,580) 4,080| 3,260| 20 40 820] 20 A400 | 3,680! — 100 
Sheridan > ctsnu ene: 3,740| 3,640} 2,360) 20 20. -| L,280| 64 0|3,640| + 100 
Mitchell) sis yaere cone 3,200| 3,600| 2,580| 23 30° |1,020) saz 238 | 3,370| — 170 
Osborne ees insert ee 3,680) 5,000] 2,680| 20 40 |2,320| 58 |1,1260)) 3,840) — > 160 
DOs riisare eGinctee 3,920| 4,400) 2,860] 33 35 |1,540! 44 88 | 4,310] — 390 
Fume ys. cst et ees 4,000] 2,700| 2,680| 27 20 20)|"/@ 0 | 2,700} +1,300 
DOs eae 3,840) 1,980 1,940, 30 30 40 O 0 | 1,980} +1,860 
BiGEG aie bere os aie 4,200| 3,420] 2,720! 30 30 700| 23 0!3,420! + 780 


Further study will show that on the whole the alfalfa plant takes 
less nitrogen from the air than is stored in the leaves and stems. 
The harvesting of the crop as hay does not mean that all that which 
has grown above the soil is removed. Anyone who is at all familiar 
with the process of alfalfa hay making knows that, in spite of the 
most careful methods, large losses of leaves occur. These leaves con- 
tain on the average over twice the percentage of nitrogen that is 
present in the stems. Approximately half of the plant is leaves. In 
an experiment at the Kansas Agricultural Experiment Station, the 
loss of leaves, calculated from differences in nitrogen content in the 
alfalfa sampled as hay with usual loss of leaves and that sampled 
without loss of leaves averaged all the way from 7 to 25 percent of 
all the leaves, or from 3 to 14 percent of the entire crop. It was 
also noted that the loss of leaves was larger in a dry season than in 
a wetter one. These experimental data are in accord with prac- 
tical experience. A man who has had very extensive experience 
with growing alfalfa under irrigation stated to the writer that it was 
a most difficult crop to save and that the greatest difficulty was to 
prevent the loss of leaves. 

If alfalfa had taken as much nitrogen from the air as is stored in 
the plant above ground the soils should have shown a gain of nitro- 
gen. It is safe to assume that in practical hay making 20 percent of 
the leaves are lost. When the cutting is delayed through bad 
weather many fall to the ground before the crop is cut. Experi- 
ments have shown that in bad weather as much as half the crop is 
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lost. The nitrogen added to the soil in these ways should produce 
an increase in the total amount present. The leaves contain 3.5 
percent or more of nitrogen. A yield of 5,000 pounds per annum is a 
safe estimate. If the leaves are half the crop and 20 percent is left 
on the ground this amounts to 17.5 pounds of nitrogen annuaily, or 
350 pounds in twenty years. In the soils sampled, except in the 
semiarid section, the calculated losses more than offset the gains. 

A few words of explanation in regard to apparent increased crop- 
producing power of the soil after it has been in alfalfa for some 
time is desirable. This is entirely possible without an increase in the 
stock of potential fertilizing elements of the soil. The crop-produc- 
ing power of the soil depends on several factors. Any soil which 
has been used for a perennial crop has an improved physical condi- 
tion. The alfalfa roots contain a large amount of organic matter, 
and as this decays many benefits to the soil follow. Attention may 
be called to the fertilizing elements in alfalfa roots. The average 
percentages of the most important fertilizing elements were as fol- 
lows: Nitrogen, 2.10; phosphorus, 0.19; potassium, 1.34; and calcium, 
0.62. The average percentage of these elements in the alfalfa plant 
as a whole, one tenth bloom, was: Nitrogen, 2.63; phosphorus, 0.18, 
potassium, 2.82; and calcium 1.07. On the whole the roots are 
poorer in these elements than the top. When an alfalfa field is 
plowed up large amounts of these elements become available to suc- 
ceeding crops. What the alfalfa has done for the soil is to prepare 
a large amount of available plant food. This is what causes the 
increased productiveness, not necessarily indicating that the poten- 
tial plant food has been increased. 

The importance of these results cannot be over-emphasized. A\I- 
falfa has been and is one of the greatest crops in this and adjoining 
states. Its potential power to add not only to the sources of stock 
feed but also to the fertility of the soil is great. But these results 
show that the fields which produce the alfalfa do not get this benefit. 
Whatever nitrogen from the air is transformed into compounds 
available for grain crops is transferred to other places. If it is not 
wasted after this transference all would be well, but even super- 
ficial knowledge of present :conditions leads one to believe that most 
of it is wasted. Radical changes in some practices connected with 


f conserving of soil fertility are needed. 


Tie vr 


>= 


6 These roots were dug by Prof. Ralph Kenney in cooperative work con- 
ducted at this experiment station. ; 
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SUM MARY. 


1. Kansas has a number of alfalfa fields which have been con- 
tinuously in this crop for twenty to thirty years or more. ‘The older 
fields are found in the central and western part of the state. Near 
these fields generally are fields which are in native sod used as pas- 
tures or as hay land, and fields which have been used continuously 
for grain growing for thirty to forty years or more. By sampling 
‘these fields in close proximity, data are secured from which the in- 
crease or decrease in the nitrogen content of the soil in alfalfa can 
be calculated. | 

2. By assuming that the fields now in alfalfa had the same nitrogen 
content originally as the field now in native sod and that the average 
annual rate of loss before the alfalfa was seeded was the same as 
that of the fields used for continuous grain growing, the nitrogen 
content at the time the alfalfa was seeded can be calculated. By com- 
parison with the results of the three fields at the present time, calcu- 
lation can be made of the increase or decrease of nitrogen content 
due to the growing of alfalfa. 

3. In no fields in alfalfa-is the nitrogen content equal to that in 
native sod, except a few in the semiarid portion of the state, where 
it was greater. In most cases in the central and eastern parts of the 
state the nitrogen content of the alfalfa field is greater than that of 
the field used for continuous grain growing. By accounting for 
that lost before the alfalfa was seeded and comparing with the 
amount present in the soil now, it is found that on the whole the 
growing of alfalfa has not added to the amount present in the soil, 
except in a few fields in the semiarid portion of the state. All that 
the alfalfa has done has been to prevent further losses or, in other 
words, to maintain an equilibrium. 


—— 
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CORRELATIONS BETWEEN EAR CHARACTERS AND YIELD 
IN CORN.' 


i. iy, Love Ano J. B. WENTz. 


INTRODUCTION. 


In the early history of the corn show as an element in our agri- 
cultural education, the judges were confronted with the problem as 
to what points should be taken into consideration and the relative 
weight which should be given each point in placing one sample of 
corn above another. In 1886 the judges at the corn exposition in 
Chicago prepared a scale of points to be used at that exposition and 
from this the score card, based upon an ideal type, was developed. 
After the score card had come into general use a few experimenters 
conducted tests in which they compared the yields obtained from 
selected seed ears varying in the characters emphasized in the score 
card. In some of these tests the seed ears were selected for several 
generations for the two extremes in each character studied and the 
yields of the selected ears were compared. 

The data in this paper deal with the correlation of seed-ear char- 
acters and yield when the seed ears are not selected for extremes in 


the particular characters studied, but are nearer the average ear 


type. The purpose of the paper is to throw some light on the 
question as to whether a grower should select seed ears that have, 
for example, a certain number of rows of kernels, or a certain length 
of ear, or a cylindrical or tapering ear. 


EARLIER WorK. 


Williams? of the Ohio station has conducted rather extensive and 


' interesting experiments in which he selected seed ears for a number 


of years for the extremes in such characters as length of ear, shape 
of ear, filling of tip, indentation of kernel, weight of ear, and per- 
centage of grain. In selecting long and short ears he obtained a dif- 
ference of only 1.39 bushels per acre in 10-year average yield in favor 
of the long ears. In selection for shape of ear the tapering ears 

1 Paper No. 63, Department of Plant Breeding, Cornell University, Ithaca, 


N. Y. Received for publication May 21, 1917. 
2 Williams, C. G. Corn experiments. Ohio Agr. Expt. Sta. Bul. 282. 10915. 
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excelled cylindrical ears in average yield in a 9-year period by 1.65 
bushels per acre. Eight years’ selection for bare as compared to 
filled tips gave an average difference of 0.34 bushel per acre in favor 
of filled tips. Seven years’ selection of rough as compared to smooth 
dented ears gave an average difference of 1.76 bushels per acre in 
favor of the smooth type. Seed ears averaging 88.16 percent of 
grain gave a 6-year average yield of 64.64 bushels per acre as com- 
pared to 65.06 bushels from ears averaging 76.38 percent of grain. 

Hartley,* in a tabulation of yields of four varieties for six years, 
embracing 1,000 ear-to-row tests of production, found no relation 
between the characters of seed ears and yield. 

Montgomery* of the Nebraska station selected seed ears continu- 
ously for such characters as shape of ear, shape of kernel, and size 
of ear. He concludes that the results favor slightly a rather long 
seed ear, that size of ear depends too much upon environment to be 
of any importance, and that a medium depth of kernel is to be pre- 
ferred. 

Pearl and Surface® of the Maine station conducted experiments 
with sweet corn in 1907, 1908, and 1909, making a large number of 
ear-to-row tests. Two types of commercial sweet corn were used 
and a complete study made of a number of characters. While this 
work was not primarily a study of the relation of seed-ear characters 
to yield, one of the conclusions drawn from the data obtained was 
that there is no relation between the external seed-ear characters and 
yield in sweet corn. 

Sconce® of Illinois, experimenting with Reid Yellow Dent and 
Johnson County White corn for five years, found that seed ears of 
these varieties with 18 and 20 rows of kernels gave better yields than 
those with more than 20 or less than 18 rows. Averaging four 
years’ results with these two varieties it was found that in the case 
of the Reid Yellow Dent the kernels having small germs gave better 
yields, while in Johnson County White the kernels with large germs 
yielded best. In correlating yield with shape of kernel it was found 
in both varieties that square-shouldered kernels showing a small — 
space between rows at the crown and tip gave the best yields. 

3 Hartley, C. P. Progress in methods of producing higher yielding strains 


of corn. U.S. Dept. Agr. Yearbook, p. 309. 1909. 

4 Montgomery, E. G. Experiments with corn. Nebr. Agr. Expt. Sta. Bul. 
II2. 1900. 

5 Pearl, Raymond, and Surface, Frank M. Experiments in breeding sweet 
corn. Maine Agr. Expt. Sta. Bul. 183. 1910. 

6 Sconce, H. J. Scientific corn breeding. Proc. Amer. Breeders’ Asso., 7: 


43; TOTTI. 
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McCall and Wheeler? of Ohio State University calculated the 
correlations between a few ear characters and yield. ‘The data were 
taken from some results obtained at the Ohio station and the correla- 
tion coefficients are given in Table 1. 


TABLE 1.—Correlations between ear characters and yield of corn, as reported 
by McCall and Wheeler. 


Coefficients of correlation, 


Characters correlated with yield. Series 1. Series 2. 
MRT OCT CAL. 1c ketene .0580 + .0206 1017 + .0651 
Dente OCG) CAF fk ce eee — .0270 + .0292 0866 + .0656 
Circumference of seed ear ............. — .0968 + .0287 .1803 + .0636 
MUSEU TREE PO GAT Gn ag. se etc ee ee 0272 + .0293 


The seed ears used in this work had not been selected for the char- 
acters used in the correlations. 

In 1912, the senior author of this paper published the results of two 
years’ study with two varieties.* He correlated the characters of 
length, weight, number of rows, weight of kernel, ratio of tip cir- 
cumference to butt circumference, and percentage of grain on the 


seed-ear with yield per stalk. The correlations obtained are given 
in Table 2. 


TABLE 2.—Correlations between ear characters and yield of stalk, as reported 


by Love. 
Seed-ear characters correlated ss Hag Es pepe eae Dee Utes 
with yield per stalk, 
1909. IgI0, Iyog. IgIo. 

(ELS ES Sa —.099 +.076 .241 +.064 .300 +.061 .058+.067 
a .0904+.076 015 +.068 .3234.060} .090+.067 
PMGPBeE Of FOWS.:.. 0... ....- .260+.072 | —.127+.067 | —.061+.069 | —.034+.067 
SS eo pi cl | a MDZ GISE OOS tines ars Swit .043 +.067 

Ratio of tip circumference to 
MUL eircunmercnce.. 0... |... eee eee =F OD Ht GO| Gc tens ve eee a 8" -O14+.067 
Peweedtagee or erain.).......|.0......--.- [pSregee GOOG face Ae A Oe RE a a 


The only characters that show any considerable correlations with 
yield in Table 2 are length and weight of seed ear. Of the eight 
correlations obtained for these two characters in the two years, two 
are about five times their probable errors, while others are actually 
less then their probable errors, so that these correlations can hardly 
be considered significant. In his work Love used Funk Ninety Day 

7 McCall, A. G., and Wheeler, C. S.. Ear characters not correlated with yield 
im corm. Jour. Amer. Soc. Agron.,.5: 117. 1013. ~ 


8 Love, H. H. The relation of certain ear characters to yield in corn. Proc. 
Amer. Breeders’ Asso., 7: 29. 1912. 


~ 
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and Minnesota No. 13 and the same methods were employed as are 
used in this paper. The present paper really is a continuation of 
this earlier work, using the Funk Ninety Day® over a period of five 
years. In addition to the characters studied in the earlier paper 
other characters have been correlated with yield. The correlation 
coefficients were calculated in the usual manner and carefully checked 
by independent workers. 

Cunningham” of the Kansas station recently published a paper re- 
cording studies of the relation of seed-ear characters to yield in a 
number of varieties. The material used was from some ear-to-row tests 
that had been conducted by the station in its corn improvement work. 
The seed ears were classified for the characters studied and the 
average yield of each class determined. There was some variation 
for length of ear in the different varieties. In the small varieties 
the long ears yielded a little better than the medium and short ears, 
but this did not hold true in the larger varieties. There was no sig- 
nificant difference in the averages for all varieties. Ears with small 
circumference outyielded the larger ears. There seems to be no rela- 
tion between the filling out of the tips of the seed ears and yield. 
Smooth ears outyielded the roughly dented ears. Ears with low 
percentage of grain yielded slightly higher than those with the higher 
percentages of grain. Ears with 16 and 18 rows of kernels generally 
produced the highest yields, although there was a difference in varie- 
ties in this character. 


MaTERIAL USED IN THE PRESENT WORK. 


The corn used in this work is Cornell No. 12, a selection from | 
Funk Ninety Day, a yellow dent variety obtained from the Funk 
Bros. Seed Co. in 1908. In 1908 and 1909 it was grown on G. R. 
Schauber’s farm at Ballston Lake, N. Y. In 1910 half of each 
seed ear was planted in a plat on Mr. Schauber’s farm and the other 
half in a new plat on Broad Brook Farm at Bedford Hills, N. Y., 
owned by the late Seth Low. The data since 1909 came from the 
latter plat. 

METHODS. 


The characters studied are length, average circumference, average 
cob circumference, and weight of ear; number of rows; average 


8 This corn has been selected for some time for earliness and yield. In part 
it is different in these two characters from the original sort and is now called 
Cornell No. 12. 

10 Cunningham, C. C. Relation of ear characters of corn to yield. Jour. 
Amer. Soc. Agron., 8: 188. 1916. 
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weight, average length, and average width of kernels; and percentage 
of grain. All the measurements were taken in centimeters and all 
weights, excepting yield, were taken in grams. ‘The yield of each 
row was taken in pounds and the yield per row divided by the number 
of stalks in the row to obtain the yield per stalk. ‘The average cir- 
cumferences of the ear and of the cob were obtained by averaging the 
tip and butt circumferences. The ratio of the tip circumference to 
the butt circumference was obtained by dividing the tip circumfer- 
ence by the butt circumference. In this way the shape of the ear 
was determined. The lower this ratio, the more tapering would be 
the ear. To determine the average weight of kernels, the number of 
kernels per ear was calculated by multiplying the number of kernels 
per row by the number of rows on the ear, and then dividing the 
weight of grain by the number of kernels. The average length and 
width of kernels was determined by taking the measurements of Io 
kernels and averaging these measurements. The percentage of grain 
was calculated by dividing the weight of shelled corn by the weight 
of the ear. 


RESULTS. 


Table 3 shows the correlations obtained for all the characters for 
each of the five years. In this table the correlations obtained by 
Love, working with this same lot of corn in 1909 and 1910, are also 
included, so that correlations for seven years are shown for some of 
the characters. 

The only very significant correlations in Table 3 are seen where 
the average circumference of the seed ear is correlated with yield 
and these are not consistently high. These correlations seem to show 
some slight relation between the circumference of the seed ear and 
yield, indicating that the larger the circumference the greater the 
yield per stalk. It is noted that the correlations for average circum- 
ference of cob and for weight of seed ear are all positive, although 
they are all small. This may mean that there is a slight relation 
between the size of the seed ear and yield, so that the larger ear may 
tend to give slightly the larger yield. However, length of seed ear 
shows no constant relation to yield. 

It is interesting to note that the correlations between the percen- 
tage of grain in the seed ear and yield are all negative. While these 
correlations are all too small to be of any significance they rather con- 
firm the results Williams obtained in studying this character. It is 
not thought necessary to publish the correlation tables in detail in 
this paper. These correlations on the whole are so low that it seems 
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there is no relation between the seed-ear character and yield; at 
least, there is not enough evidence to justify one in attempting to 
improve the yield of his corn by selecting any particular type for seed. 

In Table 4 the mean percentages of grain for the ears in a few of 
the highest classes and a few of the lowest classes in the correlation 
tables are shown, with the mean yields of these classes. In this table 
it will be noticed that in every case the seed ears with the lowest per- 
centage of grain gave slightly higher yields. 


TABLE 4.—Mean percentages of grain in the seed ears in a few of the highest 
and lowest classes, with the mean yields of these classes. 


High classes. Low classes. 
Year. j ic Mie Fe tee 
Percentage of Yield per stalk, Percentage of Yield per stalk, 

grain, pounds. grain. pounds, 
MOE Oars che ees « « 87.074 0.822 81.676 0.859 
ee oun sia asin’ 88.565 0.624 70.375 0.677 
MUD s eta soter auc si, « 87.158 0.672 80.750 0.738 
BEING ey or aket cyanate: s 88.447 0.692 80.714 0.847 
TUT AN i bovotsiie are ss Oma 0.651 82.750 0.645 
Average..... 87.5906 0.692 | 81.053 0.753 


In addition to the correlations between the seed ear characters and 
yields, the means, standard deviations, and coefficients of variability 
were calculated for the seed ears for each year. It may be of in- 
terest to note the means of the characters studied. These constants 
are shown in Table 5. 

In Table 5 there seems to be a slight tendency for the ears to grow 
longer. The ratio of tip circumference to butt circumference has 
decreased slightly, meaning that the ears seem to have become more 
tapering. The weight of the ears has increased considerably. In 
looking at the means of the yields it may appear as though there has 
been a slight decrease in yield, since the yield in 1910 was so much 
higher than in any of the following years. This higher yield can, in 
most part, be accounted for by the fact that in this year the corn 
was not so mature as it has been in the succeeding years. Consider- 
able green corn was produced the first year, while the following year 
at harvest time the corn was nearly all mature. 


CoNCLUSIONS. 


1. The characters of length, ratio of tip circumference to butt cir- 
cumference, average circumference of cob, weight, average weight of 
kernels, number of rows of kernels, and average length and width of 
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kernels on the seed ears do not show correlations significant enough 
to be of value in judging seed corn. 

2. The data indicate a slight negative correlation between per- 
centage of grain in the seed ear and yield, meaning that possibly ears 
containing a low percentage of grain yield higher than ears with a 
high percentage of grain. 

3. The average circumference of the seed ear is the only character 
that shows any significant relation to yield. 

4. The judge at a corn show or a farmer in selecting his seed corn 
cannot pick the high-yielding seed ears when judging from outward 
characters of the ears. It is evident that the points emphasized on a 
score card are of no value for seed ear purposes and are entirely for 
show purposes. 

5. The only basis left for selecting high yielding seed corn is the 
ear-to-row progeny test. 


VEGETATION ON SWAMPS AND MARSHES AS AN INDI- 
CATOR OF THE QUALITY OF PEAT SOIL FOR 
CULTIVATION. 


-T. J. DUNNEWALD. 


The general conclusion of various observers has been that the 
surface vegetation on peat gives no clue to the relative quality of 
the soil for purposes of cultivation. Among the reasons given as 
to why this is so, the following are important: 

That in the natural development of a peat bog there is a more or 
less rigid succession of plant types and that tamarack and spruce 
timber indicate only that the deposit is in a mature stage of its growth. 

That such accidents as fire, epidemics of plant disease or pests, 
changes from a series of dry years to one of wet years, changes in 
the elevation of the water table of the deposit, etc., may serve to 
destroy entirely one type of vegetation and create conditions more 
favorable to very different kinds of plants. 

On the other side of the question are the oft-repeated assertions 
of farmers and drainage men that “the peat on a black spruce or 
moss-covered swamp is no good for cropping and money spent in 
draining it is wasted,” while “good black muck with elm or ash on 
it is the best kind of land to drain.” 


1 Contribution from the Wisconsin Agricultural Experiment Station, Madi- 
son, Wis. Received for publication March 2, 1917. 
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One of the duties of the writer has been to examine, map, and 
write a preliminary report on the soil of proposed drainage districts 
under the State drainage law. One such area examined consisted 
of a township in the northwestern county of Wisconsin, which con- 
tained about 6,600 acres of scattered marshes and swamps. 

The upland is non-calcareous glacial drift derived from granitic 
and sandstone rocks, with no limestone in the vicinity. Admitting 
that there might be mechanical and physical conditions in the peat 
soil of these areas which might make it favorable or unfavorable 
for cultivated plant growth, the writer wished to know whether 
a favorable or unfavorable chemical condition could be found in dif- 
ferent areas of the peat and whether the vegetation would parallel 
any such condition. i 

In addition to a careful field examination, representative samples 
of the peat bearing different classes of vegetation were taken to the 
laboratory for examination. 

As a result of the field study alone it was concluded that the 
spruce and tamarack peat areas were the wettest, with the water- 
table practically at the surface of the soil and a covering of 12 to 
18 inches of spongy moss. The depth of the peat or distance from 
shore seemed to affect the kind of surface growth but little, and the 
extent of the decomposition of the peat, that is, its fine grained or 
fibrous condition, had but little more effect. The rawest samples 
of peat were found on the spruce and tamarack areas, but as often 
the peat was as well decomposed under spruce and tamarack as under 
elm, birch, ash, and grass. 

The examination of the samples in the laboratory gave somewhat 
more positive results. Table I gives a summary of the more inter- 
esting determinations which were made. These data indicate that 
the peat bearing black spruce and tamarack has 20 percent less min- 
eral matter, a much greater degree of acidity, and somewhat less 
nitrogen. 

While the greater acidity present in the spruce and tamarack peats 
may be due to more continued flooded conditions on those swamps 
and while drainage experience shows that this acidity often disappears 
largely after the drainage and cultivation of the peat, we believe the 
data support the farmer’s statement that such trees as ash, elm, birch 
and white pine on peat indicate a better quality of the material than 
that where only black spruce, tamarack, sphagnum moss, blueberries, 


and cassandra grow. 


Determinations of the solubility of the peats in 150 cc. of 2 per- 
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cent NaOH solution showed that the acid peats were from 3 to 8 
percent more soluble than the less acid ones, but when sufficient 
excess amount of the solvent to counteract the extra acidity of the 
spruce peats was used, the difference in solubility was not noticeable. 


TABLE 1.—Comparative determinations on peat soils in the same locality bearing 
different classes of vegetation.4 


Total 
No. of Vegetation. Loss on Truog acidity. nitro- 
soil.t ignition, gen 
% 7 
2 Tamarack 78.56 Very strong 1.58 
4 Tamarack and moss 70.0 Strong 1.98 
Average 78.80 Strong 1.78 
5 Black spruce and moss 85.48 Very strong 1.86 
8 do Q1I.07 Very strong 1.86 
9 do 90.89 Very strong 1.90 
II do 88.14 Very strong 1.69 
14 do 93.01 Very strong 1.82 
Average 88.90 Very strong 1.81 
I Mixed ash, birch and balsam 60.61 Very slight 1.96 
3 Large ash, birch, poplar, and 
; cedar 81.01 Slight ee iy 
6 Birch, ash, elm 66.91 Medium 2.02 
7 Mixed birch, ash, tamarack, and 
willow °56.85 Slight — 
IO Ash, birch, and a few large 
tamarack and pine 47.14 Medium — 
17 Elm, ash, cedar, and grass 62.08 Medium 2.20 
wee eee 
Average 67.60 Slight 2.09 


a The peat was from 6 to 20 feet deep wherever a sample was taken except in 
the case of No. 7. 

b Samples Nos. 2 and 1 were taken in different parts of the same swamp. 

¢ Fine sand grains were detected in Nos. 7 and 1o and they are not included 
in the average loss on ignition. 


GERICKE;: EFFECTS OF CROPPING TO BARLEY, 325 


SOME EFFECTS OF SUCCESSIVE CROPPING TO BARLEY.’ 
W. F. GERICKE., 


INTRODUCTION, 


The work reported in this paper is part of an experiment which had 
as its purpose the study of some of the effects of successive cropping 
of barley on a soil in pots under greenhouse conditions. All the 
factors of production except the soil were the same or similar for 
the series throughout the experiment. The experiment was carried 
out as follows: Portions of 5 kilograms of soil were weighed out 
and placed in pots. Some of the pots were then sown while others 
remained unsown until a series was obtained some of which had 
produced three crops, some two crops, some one crop, and some no 
crop. Throughout the experiment both the culture and water con- 
tent of the soil for the series were kept similar whether the pots grew 
plants or not. 

The soil used in the experiment was a Berkeley hillside adobe to 
which some compost material had been added, and was in good phys- 
ical condition. Proper care was taken to insure uniformity in type, 
texture, and composition. A sample of this soil upon analysis by the 
strong acid digestion method gave the following results: 


UII AMEE fc in cic lec cee ce cee cecccssses 64.85 
eb i cece dese cenbeeesees 9.18 
RS SE 2.26 
Se ee 4.59 
Te oo ois sides so ete Sie vies ot beeivt ees 5.80 
eS oie sien ceed cede toaeiivedes 04 
a Se 13 
eS ak ka wee es ce ececseuacacd 72 
ge eg OS ba sie eK Maw veined sce ws 62 
ee dL cre cid des wna aateretivesce. 43 
PM es wae cs Se A RR a aia en a .48 
PERT 6 Su 62 oiete oo cars s wo sie 83 viecese'e vn os 11.94 
Sane cee Ce Reh I0I.04 
ESSER SSS an a 31 
I ne secs lenge Sesh aie.h ootee some was evRtee Geese 3.20 
Deemer i HITS. . os ea ks es eck ae ele ee hos Ae MeER tae « 3.30 


1 Contribution from the Laboratory of Soil Chemistry, University of Cali- 
fornia, Berkeley, Cal. Received for publication May 4, 1917. 
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The analysis shows that the soil was well supplied with the neces- 
sary plant-food constituents and that the nitrogen content was es- 
pecially high. All of these factors must be kept in mind in reading 
the paper. 

The seed used in the experiment was a very pure strain of Beldi 
barley. All the seeds planted in the pots came from two plants. 
After the seedlings were about 3 inches high all pots were thinned to 
two plants each, one from a seed from each of the plants used. 


EXPERIMENTAL RESULTS. 


The data recorded in the following tables includes length of period 
of harvest, tillering, height of stalk, and weight of grain for the in- 
dividual heads, and average weight of kernel per head. The tables 
are arranged to bring out certain relationships. They are (a) those 
showing the different kinds of stalk production and maturation of 
the crops; (b) those showing the total and average height of the 
different kinds of stalks of the crops; and (c) those showing the 
quantity and quality of grain production as related to the height of 
the stalks in each of the crops. 


STALK PRODUCTION AND MATURITY. 
The data on total number of stalks, stalks producing grain, and 


stalks producing heads but no grain, with the dates of first and last 
ripening of the various crops, are shown in Table 1. 


TABLE 1.—Stalk production and maturation of barley as affected by successive 
cropping of the same soil. 


Number of stalks. Period of harvest. 
No. of : 
crop. Total per Grain pro- rears Producing no | . First heads Last heads 
pot. ducing. grain. heads. ripe. ripe. 
4 5 5 fe) e) June I June II 
4 6 6 e) oO do. do. 
3 20 6 6 8 June 15 July .7 
3 I2 6 4 2 do July 8 
2 21 6 10 5 June I5 July 10 
2 23 8 9 6 June 14 do. 
I 29 Be) II 5 June I5 July 8 
I 40 nae) 16 14 June 16 July 12 


Briefly discussing the data presented, Table 1 shows a difference 
in the length of the period of harvest, i. e., in the maturation of the 
heads. The plants in crop 4 had the shortest growing period because 
the period of maturation was much less for them than for those in 
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any other pots. Due to good uniformity in the ripening of the 
grain in crop 4, all heads produced were harvested about the same 
time. This fact, however, must not convey the impression that all 
heads had matured to the same degree of ripeness, a fact which 
could only be ascertained by chemical analysis. The practical cri- 
terion of ripeness in the color and hardness of grain was such as to 
indicate the advisability of harvest. In respect to the uniformity of 
maturation of the grain, the plants in crop 4 must be considered as 
more desirable than any of the other plants. The importance of 
uniformity and even ripening of grain in the field is of the utmost 
importance. 

The plants representing the first, second, and third croppings of a 
soil had a very extended period of harvest. Although some heads 
matured a few days after those of crop 4, the fact that a period of 
three to four weeks was required for all heads to ripen presented 
conditions which if duplicated in the field would be very serious to 
farming practices. It is quite true that these conditions of pro- 
longed maturation of grain could hardly be expected under field con- 
_ ditions when a pure strain of seed is used. Still, the fact remains that 
_ the soil conditions are important factors in contributing to uni-° 
_ formity and evenness in the ripening of grain. A glance at Table 1 
shows that the plants which required a relatively long period of time 


ey ee) he a et. Tl 


; for maturation were plants that produced a considerable number of 
_ barren stalks. ‘The excessive tillering of plants, noted especially in 
the first crop, but also evident in those of the second and third crops, 


undoubtedly are related to soil conditions and these factors have 
brought about the extended period of harvest. A partial explanation 
of the long harvest period of these series, however, may be found 
in the effect of the removal of ripe heads from the plants, thereby 
allowing a fuller development of later-formed heads on the tillers. 

While a moderate amount of tillering is a very desirable feature 
in grain production, too much vegetative growth in cereals often re- 
sults to the detriment of grain production. As a tiller will produce 
grain if conditions are favorable, the time during the plant’s growth 
when tillers appear is of great importance in procuring uniformity 
and evenness in the ripening of grain. 

From the standpoint of the most efficient tillering of barley for 
grain production, in which the quality and quantity of grain are the 
factors of prime importance, the produce of the fourth crop must be 
- considered the best, as a glance at Table 3, which gives the total 

weight and average weight of the kernels, shows. Judging then 
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from the standpoint of the fertility of a soil for certain features of 
crop production, so far as this experiment is concerned, the soil at 
its fourth cropping was more fertile for grain production than at 
its first. 

The maximum dry matter production was attained in the first crop. 
The straw production in this crop was more than 100 percent larger 
than that in the fourth crop, but the grain yield exceeded that of the 
fourth crop by only a small margin. In the ratio of percentage yield 
of grain to total dry matter production the plants from the fourth 
cropping were far superior to those from any other crop. In the 
quality of grain as indicated by the average weight per kernel, the 
production of the fourth crop exceeded that of the first by a margin 
of 6%4 mg. per kernel, which would make a very significant differ- 
ence in the grading of the grain produced from the several crops. 

Undoubtedly soil conditions were responsible for the differences 
noted in the plants of the several croppings. With the plant food 
available in different amounts and ratios of one element to another 
in the various crops, a condition was brought about that was re- 
flected in the quantity and quality of the produce. In the first crop 
the supply of plant food, both in quantity and in the ratio of avail- 
able elements one to another, was of such a magnitude as to induce 
an extended vegetative growth. Thus tillering was not only induced 
but sustained to fruition, over a relatively longer period of time. 


HEIGHT OF STALKS. 


Table 2 shows the total and average heights of the stalks of the 
different classes. 


; 


TABLE 2.—Height in centimeters of the different classes of stalks as affected by 
successive cropping of the same soil. 


f Height of grain- | Height of stalks Height of stalks 
No. of ert Oe tial: producing stalks. ieee a he producing no heads. 
crop. a ee 
Total. Average. Total. | Average. ; Total. Average. Total. | Average. 

4 343 68.6 343 68.8 — — — — 

4 400 66.6 400 66.6 — — — — 

3 815 40.7 319 53.2 r75 29.2 Sar 40.1 

Z A7I 38.2 255 42.5 I1O CE 106 53.0 

2 738 2 Cetk 208 49.7 318 25:6 I22 24.4 

2 732 20.6 330 At 2 266 29.6 136 23.47 

I 903 21.0 502 38.6 284 25.8 I17 23.4 

I I,156 28.9 409 40.0 464 29.0 284 20-3 
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The data in Table 2 show some of the effects of successive crop- 
ping of a soil on the height of the barley. The total height of all 
the stalks produced decreased for each succeeding crop, while the 
average height of the individual stalk increased. The tallest stalks 
were found in the fourth crop plants and the shortest in the first 
crop. The average height of the grain-producing stalks was uni- 
formly greater than those of the non-producing stalks. In the first 
and second crops the barren stalks were decidedly shorter than the 
grain-producing stalks, while in the third crop the barren stalks at- 
tained their greatest height. 

Why the plants of the fourth crop produced taller stalks than those 
grown on a soil that supported plants for a less number of seasons 
is not easy to explain. That the food requirement of plants at dif- 
ferent periods of growth varies both in quantity and ratio of one 
element to another has been indicated by various investigations. The 
degree of absorptivity and availability of the elements by the plants 
in the several crops may be of importance to account for certain 
changes in the form and features of the plant. 


WEIGHT OF GRAIN. 


Table 3 shows some of the relations between the height of the 
stalks and their grain production. 


TABLE 3.—Kelation of height of stalk to weight of grain as affected by suc- 
cessive cropping of the same soil. 
FOURTH CROP. 


iPoter: Pot 2. 
Weight of kernels Weight of kernels 
aah oe Ptecaed abou ree eee ened. 
of stalk. : of stalk, F 
-seeupem Total. | Average. perce Total. | Average. 
Cm. Grams. Megs. Cm. Grams. Megs. 
I 83 39 1.999 51.3 84 Si) 1.995 53-9 
2 79 30 1.540 SE.3 8I 37 1.872 50.6 
3 78 32 I.600 50.0 763 35 1.703 48.6 
4 62 24 I.187 49.4 61 24 L.PTE 46.3 
5 42 6 7230 38.3 56 26 I.021 39.3 
| 6 Ay th ign6 619 38.7 
e Totals...) 343 F321 6.556 240.3 400 | E75 8.321 277.4 
29.1 £387. -l...47-5 


Average . 68.6 26.2 13x71 50.0 66.6 


30° 


JOURNAL OF THE AMERICAN SOCIETY OF AGRONOMY. 


TaBLe 3.—Kelation of height of stalk to weight of grain as affected by suc- 


cessive cropping of the same soil—Continued. 


THIRD CROP. 
Pot r. Pot 2. 
Weight of kernels Weight of kernels 
Higep te ae ale mood: Brent ae aehae 
stalk. | ; of stalk. | ; 
; pe be ee. Total. Average. a in ee Total. Average. 
Cm. Grams. Megs. Cm. Grams. Megs. 
I 74 3% 1.921 52.9 69 37 1.940 52.4 
2 63 26 222 47.0 64 29 1.405 50.5 
3 55 22 T0277, 46.7 36 18 .608 33/5 
4 53 Oat .O81 46.7 34 21 .896 42.6 
5 48 21 .893 42.4 Pil IO -383 38.3 
6 26 3 , -068 Bau7, 25 3 Aly ie? 24.3 
MTotal-7.: 319 130 6.112 268.4 255 118 5.365 241.9 
Average . Sauk 21.6 I.019 47.0 AD TON, 804 45-4 
; SECOND CROP. 
I 69 50 21077 40.3 56 33 1.408 42.6 
2 56 36 1.080 30.0 53 23 I.390 A2.E 
3 53 36 1.377 38.2 46 9 433 48.1 
4 52 27 1.228 45-5 43 17 “742 43.6 
5 40 20 614 30:7 38 17 -540 31.8 
6 28 33 .129 43.0 36 24 I.000 41.6 
vf 33 4 -140 35-0 
8 25 I .034 34.0 
Total... 298 172 6.445 22767 330 138 5.687 318.8 
Average. 49.7 28.7 1.074 B55 Al.2 TZ Br ee i pe 
FIRST CROP. 

I 50 42 1.720 40.9 58 34 1.529 44.8 
2 50 15 .426 28.4 56 33 I.529 46.4 
3 4I 18 a2 AL? 50 22) Og life 44.3 
4 41 14 567 40.5 45 23 1.085 47-2 
5 40 20 .804 40.2 AI 20 .864 43.0 
6 39 12 .501 41.8 36 Io -409 40.9 
7 39 22 .836 38.0 34 7 .695 40.9 
8 36 cu -770 45.3 33 4 146 36.5 
9 36 7) -299 42.7 28 I -043 43.0 
Io 36 8 .309 38.6 28 r .038 38.0 

II 34 27 I.OOL 3750 

1/2 30 4 .154 38.5 

13 30 I .023 2250 
Total. 502 207 8.652 4906.1 409 72 73s 425.0 
Average. 38.6 15.9 665 41.8 40.9 r7e2 as 42.5 


In the plants of the fourth crop, the weight of the grain per head 
and the average weight of the kernels varied with the height of the 
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stalk, the tallest stalks producing the most grain both in total weight 
and in the average weight of the kernels. The number of kernels 
per head, with a few exceptions, varied with the height of the stalk, 
the largest number of kernels being on the tallest stalks. In the 
plants of the third crop, a similar relation was found between weight 
of grain and height of stalk and also between number of kernels 
per head and height of stalk. The average height of the stalks and 
the average weight of their grain was less than those of the fourth 
crop. Grain production of this crop was the least for the series, as 
these plants, unlike those of the fourth crop, produced barren stalks. 
In the first and second crop there was a decided change in the rela- 
tion of the height of stalk to the weight of grain per head and its 
average weight per kernel. While some of the heaviest heads were 
found on the tallest stalks, many of the relatively smaller heads were ' 
also found on some of the tallest stalks. The heads with the best 
average weight of kernels were produced on stalks of medium height. 
_ The average height of the stalks and the average weight of the 
kernels were less than those of the third and fourth crops. The 
first and fourth crops had the fewest undersized kernels and also 
showed the least variation from the average mean weight of kernels 
for the crop. 

Similar to the causes given for the results in Tables 1 and 2, the 
differences in plant features shown in Table 3 must be ascribed to 
the soil conditions. ‘The uniformly better grains of the fourth crop 
- can only be explained by the fact that all stalks had progressed uni- 
formly and were within a relatively narrow range of variation for 
the respective period. Due to the absence of new stalk development 
in a later period of growth, the condition was obviated by which a 
new stalk would detract very much from the nourishment of the 
: other parts of the plant, or the older stalk detract from that of the 
younger shoots. However, as the heaviest grain, both in head and 
average weight per kernel, varied with the height of the stalks in 
_ the fourth crop, there were obviously some soil factors at work to 
produce such a condition. While the maturity of the heads in this 


ee ee Te) 
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crop was such that they were harvested about the same time, the 
actual growing period of the heads of the smaller stalks was less than 
that of the taller stalks, as the heads on the smaller stalks appeared 
from one to two days later. This difference gave the taller stalks 
such a lead as to enable them to maintain their supply of plant food 
over the younger stalks, all of which were within the corresponding 
period of development. When part of the plant was in one period 
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of growth and part in another, for example, when some stalks were 
headed out while others were still producing tillers, the plant food 
supplied by the same root system was influenced by a difference in 
the plant-food requirements of the different periods. As the amount 
of water in the tissues varies with different stages of growth, the 
translocation and assimilation of nutrients is likewise affected. It 
is thus when the roots must supply food and water for two dif- 
ferent periods of development where different food requirements 
and assimilative powers exist, that no correlation is attained between 
the straw and the grain production both as to weight of grain per 
head and as to weight of the individual kernels. That the length of ° 
the maturation period may also effect a difference in the chemical 
composition of the grain has been indicated by other investigations. 
Soil conditions, therefore, must be considered factors that may affect 
crop production not only in quantity but also in quality and in com- 
position of its produce. 

SUMMARY. . 


1. In an experiment to determine some of the effects of continuous 
cropping of a soil under greenhouse conditions, barley was grown in 
pots, the successive crops’ being grown concurrently in order to 
eliminate as much as possible such factors of differences as climate 
and season. 

2. Plants of the fourth crop matured with greater uniformity than 
those of any of the other crops. There were no barren stalks in the 
plants of the fourth crop. The number of tillers and barren stalks 
increased with the plants grown in the soil of a lesser number of 
crops. 

3. The total height of all the stalks produced decreased with each 
successive crop, but the average height of the pe stalks in- 
creased with each successive crop. 

4. In the fourth and the third crops the heaviest grain, both as to 
weight per head and as to average weight per kernel, varied with the 
height of the stalks. The tallest stalks produced the largest heads 
and the largest average weight per kernel. 

5. In the second and first crops no correlation between the height 
of stalks and weight of grain per head, or average weight per kernel, 
was obtained. 
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The cells were set up in the manner here shown. The graduated pipettes 
were held in position by universal clamps, thus permitting them to be lowered 
as the solutions rose in them. The influence of a hydrostatic head was thus 
overcome. 
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A STUDY OF SOIL SOLUTIONS BY MEANS OF A SEMIPER- 
MEABLE MEMBRANE SUPPORTED ON A POROUS 
CLAY PLATE.' 


Geo. L. SCHUSTER. 


INTRODUCTION. 


The object of the work reported in this paper was to find out if 
possible the strength of various soil solutions in terms of a given 
sugar solution. Pulling and Livingston,? in their work concerning 
the water-supplying power of. the soil, used a collodion membrane 
formed by the evaporation of the solvent from a solution of “ Scher- 
ings celloidin” dissolved in a mixture composed of equal parts by 
volume of ether and alcohol. Morse* prepared semipermeable mem- 
branes of copper ferrocyanide in the porous walls of clay cups by 
using an electric current to drive the membrane-forming solutions, 
copper sulfate and potassium ferrocyanide, into the walls. 

The membranes used in this work were prepared by Professor A. 
G. McCall, now of the Maryland Agricultural Experiment Station, 
in the following manner. ‘Three conical-shaped cells, having a base 
7.5 cm. in diameter and a neck 2.3 cm. in diameter and 3.7 cm. long, 
were used. The exterior surface of these cells was glazed with the 
exception of the bottom. They were placed in a dilute solution of 
lithium sulfate (0.5 gram per liter) and a similar solution added to 
the inside of the cells. An electric current of 7 to 8 amperes was 
passed from a platinum electrode situated in the solution outside the 
cell to another inside the cell for one hour twice a day for a period of 
three days. This drove the air out of the porous bottom, but in the 
process the solution in the cell continually bubbled over, so a funnel 
was provided that the solution might be readily replaced. The form 
of the cell and the general arrangement of the electrode, etc., are 


shown in figure 21. 


After rinsing the lithium sulfate out, the cells were partially im- 


1 Contribution from Ohio State University, Columbus, Ohio. Received for 
publication April 4, 1917. 

2 Pulling, H. E., and Livingston, B. E. The water-supplying power of the 
soil as indicated by osmometers. Carnegie Institution of Washington, Pub. 204, 
Pp. 55-56. 1915. 

8 Morse, H. N. The osmotic pressure of aqueous solutions. Carnegie Insti- 
tution of Washington, Pub. 108, p. 82-85. 1914. 
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mersed in tenth-normal copper sulfate and partially filled with tenth- 
normal potassium ferrocyanide. The cells were closed at the top 
with rubber stoppers carrying a wire attached to a platinum cathode 
(P),a funnel (S), and an overflow tube (O) (figure 21). A copper 
anode was placed in the copper sulfate outside the cell and an electric 
current of 7 to 8 amperes was allowed to pass through each cell for 
one hour each day for a week. During the periods when the current 
was on the potassium ferrocyanide solution was renewed every ten 
minutes. When the current was not on the cells were kept in dis- 
tilled water and to this a small crystal of thymol was added to pre- 
vent fungous growth. 


Fic. 21. Arrangement of electrode and solutions used in the experiment: P, 
platinum electrodes; L, lithium sulfate; S, funnel for adding new solution; O, 
overflow. Arrows at the base of the cell indicate direction of the electric 
current. 


One of the cells was broken in order to determine the location of 
copper ferrocyanide membrane in the plate. The position was found 
to vary somewhat, but the general location was in the interior of the 
clay plate midway between the two surfaces. 


EXPERIMENTAL. 


After the membranes had been in distilled water for five months 
their permeability was tested with molasses. It was found that the 
membranes did not hold the molasses entirely and that there was 
some exosmosis or movement of the molasses within the cell to the 
water outside the cell. This was thought to be due to a possible leak 
in the membranes, so the cells were again placed in copper sulfate 
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solution and potassium ferrocyanide added to the inside and allowed 
to remain for one week without the application of the electric cur- 
rent. At the end of that time the membranes were again tested and 
no exosmosis was detected. 

The next step was to determine the behavior of some sugar solu- 
tions of known strength. In order to avoid the influence of a hydro- 
static head, a scheme was devised by means of which the membranes 
were held in a vertical position and the surface of the liquid in the 


Fic. 22. Sketch showing the location of the mem- 
brane and connection of the cell to the graduated pipette 
by rubber tubing. S, sugar solution; D, distilled water ; 
T, thistle tube, for supplying distilled water; Th, ther- 
mometer; P, paraffine seal; C, cork; M, 
semipermeable membrane of copper 
ferrocyanide. 


tube kept level with the top of the distilled water in the outer con- 
tainer. The cells were supported in 10 X 15 cm. glass cylinders by 
means of a cork 4 cm. thick. This cork, which also served as a seal, 
was first boiled in paraffine and after insertion sealed over tight with 
the same material. Thistle tubes were provided in order that more 
water could be provided as it was taken up by osmosis through the 


semipermeable membranes of the cells. In this way the water was 


supplied to all parts of the membrane alike. 

In figure 22, S is the sugar solution in the cell, the cell being con- 
nected to the graduated pipette by means of rubber tubing; MW is the 
semipermeable membrane of copper ferrocyanide; D is the distilled 
water which is supplied through thistle tube T; C is the cork which 
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holds the cell in place; the cork is sealed over with paraffine, P; and 
Th is the thermometer. The method of setting up the cells is 
shown in Plate 8. The graduated pipettes are held in position by 
universal clamps, thus permitting the pipettes to be lowered as the 
solutions rise in them. The influence of a hydrostatic head is over- 
come in this way, for the water in the thistle tube and the solution 
in the pipettes can be kept on the same level. 

The rates of rise for a 5, 10, and 15 percent sugar solution were 
obtained with the cells set up in the manner described above. Each 
cell was numbered and retained the same number throughout the 
series of experiments. Table 1 gives the rates of rise of the 5, 10, 
and 15 percent solutions, the temperature at the time of each read- 
ing, and the hours that had elapsed since the time of the first reading. 


TABLE I1.—Rise of 5, 10, and 15 percent sugar solutions in cells with a semi- 
permeable membrane. . 


RISE OF 5 PERCENT SOLUTION IN 95 HOURS. 


Cell No. 1. Cell No. 2. 
eee Readings on Readings on 
* | Temperature. graduated Rise. ‘Temperature. graduated Rise. 
pipette. pipette. 
ace GC. mm. act Ome Ce. mm. 

(a) 25 (e) O 20 (a) fe) 
20 24 -45 10 24 E355 555 
25 24 .50 ha bet 24 220 50.5 
45 18 ar hs 17.0 18 4.70 108.5 
67 14 I.05 24.0 14 6.20 I4I.0 
95 22 | T15 26.5 | Out top of 10 ce. pipette. 

RISE OF IO PERCENT SOLUTION IN 165 HOURS. 

fe) 27 oO oO 27 oO fe) 
16 19 .20 4.0 19 .50 II.5 
25 22 45 10.0 22 : .9O 2 BOS 
38 22 95 22.0 21 1.70 39.0 
64 10 Tr5 26.5 Lk “<2320 50.5 
Q2 ae 1.95 46.0 2I 3.40 78.5 

118 20 2.45 57-0 20 4.25 98.0 

142 17 2.80 64.5 18 4.90 I13.0 

165 21 Bie is 770) 22 5-90 136.0 
RISE OF I5 PERCENT SOLUTION IN 170 HOURS. 

(8) 25 fe) ) 25 (a) fe) 
24 23 .65 15.0 21 65 15.0 
32 24 95 22.0 24 95 22.0 
48 22 I.45 23.0 21 1.40 32.0 
58 20 I.70 39.0 20 I.70 39.0 
75 22 2.30 53-0 21 2.35 54.0 
82 23 2.60 60.0 22 2.70 61.0 
96 20's 2.90 69.0 19 3.10 72.0 

c20 2I 2570 88.5 20 4.10 86.0 
145 17 4.25 99.0 Ea 4.70 I10.0 
170 19 (oOo 117.0 20 5505 118.0 
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After the testing of the membranes with each of the 5, 10, and 15 
percent sugar solutions, the cells were again placed in a solution of 
copper sulfate and a solution of potassium ferrocyanide added to the 
inside. They were allowed to remain in contact with the solutions 
for a period of one week before the next test was made. This was 
done to repair any leaks that might have developed in the membranes. 

It will be noted from an inspection of Table 1 that the stronger the 
solution the more steady and uniform the rise; also, that the two 
membranes behave more nearly alike in the stronger solutions. This 
may be due in part to the ageing of the membranes and in part to the 
additional soaking and their consequent renewal in copper sulfate and 
potassium ferrocyanide solutions. 


OPERATION OF THE MEMBRANES AGAINST THE SOIL. 


The types of soil used in this work were sandy loam, muck, and 
clay. The samples were taken from the surface 6 inches and put 
in the cylinders in as near a natural condition as possible, not being 
worked, dried, screened or otherwise manipulated. The cylinders 
were filled to within 4 cm. of the open end as shown in figure 23. 


Fic. 23. Method of placing the cells against the soil and 
holding them: S, soil; Su, sugar solution; M, semipermea- 
ble membrane; C, cotton; 7, thermometer; and Fk, rubber 
band passing around the cylinder and cork supporting the 
cell, thus holding the cell in place. 
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After the soil had been leveled off as smooth as possible, the bases of 
the cells were slightly moistened and placed against the soil, pressed 
firmly against the surface, and rotated several times to secure a good 
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contact. Two strong rubber bands (R, figure 23) were used to hold 
the cells in place and insure at all times a good contact with the soil. 
Cotton was placed over the exposed surface of the soil around the 
cells to avoid excessive evaporation (C, figure 23). A sample of the 
soil was taken at the time the cells were put in place for moisture 
determination. 

Both cylinders were filled with sandy loam, muck, and clay, re- 
spectively, in the-manner described and the apparatus set up as shown 
in figure 23. The results obtained from each of the soil types are 
given in Table 2. In working with the sandy loam and clay a 5 per- 
cent sugar solution was used, but for the muck a 2 percent solution 
was found to work better. 


TABLE 2.—Movement of a sugar solution against the solution contained in 
. * 
sandy loam, muck, and clay soils. 


SANDY LOAM CONTAINING IQ PERCENT MOISTURE. 


Cell No. 1. Cell No. 2. 


Time in : Ps : 
Hours Readings on Readings on 
Temperature. graduated Rise. | Temperature. graduated Rise. 
pipette. pipette. 
phi Op Go. mm. ba SS co mm. 

oO 20 O ) 19 O fe) 
24 me) O oO 18 (0) fo) 
48 20 fe) fe) 18 (6) fe) 
60 2 SO 250 20 5 3.0 
TD 22 .20 4.5 Pit 25 6.0 
84 22 as 6.0 21 35 8.0 
96 19 25 6.0 20 AS 10.0 

108 24 mA 10.0 22 .65 15.0 
MUCK SOIL CONTAINING 34.19 PERCENT MOISTURE, 

fe) 18 O O 18 O fe) 
ig] 18 — 3 — 7.0 20 — yy —16.0 
AI 20 — 4 — 9.0 20 ) —20.0 
65 22 22 50.5 22 —T[.0 a 
89 Out top 10 c.c. pipette 24 12 | 4.5 

18 Bey SY a Ye Sots oa eee ke Out top 10 c.c. pipette 
CLAY SOIL CONTAINING 35.64 PERCENT MOISTURE. 

o 25 ry ) 25 re) | ) 
24 22 3.10 725 22 3.70 85.5 
48 22 | 8.70 201.0 Out top I0 c.c. pipette 
60 Out top 10 c.c. pipette «| os osc aw occa @ 0a a eee 

DISCUSSION. 


While the above data are not very extensive and are comparatively 


simple in many respects, they present a few problems in a field in 
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which little, if any, work has been done. It has long been known 
that soil moisture responds to two forces, viz., gravitational pull and 
capillary attraction. In addition to these two forces a third force 
manifests itself, a force that is the result of the osmotic pressure of 
the soil solution. In this work the effect of the gravitational pull was 
overcome by placing the membranes in a vertical position and that of 
the capillary attraction prevented by reducing the surface exposed in 
the graduated tubes. 

Work previously done with animal bladders or other semipermeable 
membranes show that when two solutions of different concentrations 
are separated by such membranes the more dilute solution always 
moves toward the solution of greater concentration. From Table 2 
it appears that the soil solution is of less concentration than the sugar 
solutions used, because there has been a movement of the soil solu- 
tion into the sugar solution. 

It will be noticed that the different kinds of soil containing different 
amounts of moisture act differently toward the sugar solutions. Re- 
ferring to Table 2, it will be noticed that the sandy loam seems to be 
able to withstand the pull of a 5 percent sugar solution better than 
the others. Whether this is due to the texture of the soil or to the 
amount and concentration of the moisture present is a problem in 
itself and can not be settled here, but it would seem that with less 
moisture present there would: be greater concentration of the solutes 
in the soil and hence greater resistance to the osmotic pull of the 
sugar solution. 

The muck contained about twice as much moisture as the sandy 
loam and in working with it the rise of a 5 percent sugar solution in 
the pipettes was so rapid that no satisfactory readings for a period 
of time could be obtained. To overcome this difficulty a 2 percent 
solution was used. From Table 2 it will be noticed that there was 
some exosmosis at first, which was followed by a very rapid rise. 
The exosmosis was probably due to a poor contact of the cell with 
the soil. Later, the cell became firmed against the soil and the rapid 
rise of the sugar solution followed. If it is taken into consideration 
that with muck a 2 percent sugar solution was employed, while with 
sandy loam and clay a 5 percent solution was used, it will appear 
that the soil solution in muck is less concentrated than that of the 
sandy loam or clay, for there would be a greater rise of the sugar 
solution in the pipettes. This is what might be expected a priori, 
since muck is loose, porous, and spongy in its makeup and hence con- 
tains a greater amount of moisture than the other soils, and this 
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greater amount of moisture will make the soil solution less concen- 
trated. 

That soil solutions are capable of developing osmotic pressure is 
not to be doubted. This work, though limited, was directed toward 
the development of a method by which the magnitude of the osmotic 
pressure of soil solutions might be measured. Just what is the 
strength of these soil solutions in terms of a sugar solution? The 
author hoped to be able to determine this by balancing a sugar solu- 
tion of known strength on one side of a semipermeable membrane 
against the soil containing a soil solution of unknown strength placed 
against the other side. When a sugar solution of known strength has 
been found that will give neither osmotic nor exosmotic movement 
on placing the membranes in contact with the soil, then the strength 
of the soil solution would be known. However, the necessity for 
frequent soaking and repairing of the membranes limited the time for 
experimental work and all that can be said is that the concentration 
of the soil solution (measured in terms of osmotic pressure) in sandy 
loam and clay appears to be below that of a 5 percent sugar solution 
and that of muck below that of a 2 percent solution. 


THE RELATION OF THE VIGOR OF THE CORN PLANT TO 
YIELD.? 


A. E. GRANTHAM. 


Low yields of corn are generally attributed to poor seed, insufficient 
plant food, careless cultivation, or to a combination of these factors, 
but another condition in the development of a field of corn may affect 
the yield. It is well known to close observers that considerable varia- 
tion exists in the size and vigor of the corn plants under average con- 
ditions in:the field. These differences are more noticeable when the 
plants are only a few weeks old; as the crop develops they are more 
or less obscured. To what extent this variation in the size of the 
plant affects the yield has not been seriously considered or reported 
on. It is generally assumed, however, that the less vigorous plants 
fall below the average in yield. Not long ago the writer had the op- 


portunity of observing the behavior of a large number of plants — 


through the growing season and of finally determining the actual 
yield. 


1 Contribution from the Delaware Agricultural Experiment’ Station, Newark, 
Del. Received for publication May 29, 1917. 
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During the latter half of June most corn fields present a condition 
somewhat as follows. If the corn is planted in hills, one of the two 
stalks often will be fairly vigorous and thrifty while its companion plant 
will be only half to two-thirds the size of the larger. It will surprise 
anyone to note the proportion of hills of corn in the average field that 
present this condition. The writer determined to follow up the de- 
velopment and maturity of a number of hills of this character in a 
field where the soil conditions were uniform and marked a number of 
hills in which a weak stalk was growing along with a vigorous one. 
The corn under observation was planted in hills 42 inches apart each 
way, two plants to the hill. Care was taken in selecting the hills 
that they were located where the stand was uniform with no hills 
missing. Of the first 50 hills selected in which there was a marked 
difference in the size and vigor of the two plants the weaker stalk 
was removed, leaving the more vigorous plant. In another 50 hills 
the strong stalk was removed and the weak one left. -All of the hills 
marked were well scattered, no two being adjacent. The height of 
the remaining stalk was taken at the time the hill was thinned and the 
plant marked with a small stake bearing a number. This was done 
for each of the hundred plants under observation. The object of 
thinning was to eliminate any undue influence of one plant upon the 
other. At intervals of about eight days the staked plants were meas- 


ured to determine the rate of growth. These measurements were 


continued until September 18. The date of tasseling for each plant 
was likewise noted. The relative rate of growth for the two sets of 
plants from June 25 to September 18 is given in Table 1. 


TaBLeE 1.—Rate of growth in inches of strong and of weak stalks of corn 
measured on various dates from June 25 to September 18. 


Height in inches. 
Difference in height. 
Date. Weak stalks. _ Vigorous stalks. 

Average. Gain. Average. Gain. Inches. Percent. 
ANUS PO re eee ge « 4.7 — o.2- — 4.5 95 
TTR BRE Ree Le che sta ice, 9.4 4.7 18.1 8.9 8.7 Q2 
BAD SED rei te sean icwe 20.6 ED? 35:7 13.6 2 8 53 
|e ee 26.9 6.3 42.2 10.5 5.3 56 
RCS aaa ales ae 35.0 8.1 56.4 14-2 21.4 61 
OTE Pe a 52.2 17.2 76.5 20.1 23.3 A4 
Puree ee)... 66.5 14.3 87.9 FAT A: DEA 32 
i408 i "O27 10.2 92.3 4.4 15.6 20 
SECM ta, a 98.0 26.3 +) | ram |) aa 9.3 9 


Table 1 shows that there was considerable difference in the aver- 
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age height of the two sets of plants at the beginning and at the end 
of the growing period. The extreme difference in height, 23.4 inches, 
was on August 5, the date the more vigorous plants came into tassel. 
The average date of tasseling of the weaker plants was August 12, 
a difference of nine days in the time of tasseling. While there was 
95 percent difference in height on July 25, there was but 9 percent 
difference on September 18. This difference in the height of the 
mature plants is so small that it would hardly be noticed by the casual 
observer. 

When the corn had matured each set of plants was harvested indi- 
vidually. At the proper time for husking the two lots were husked 
and weighed separately. The weight of each individual ear was 
taken and the corn stored until thoroughly dry for shelling. The 
average weights of ears from plants tasseling at different dates are 
given in Table 2. It will be noted that the weight of the ears from 
the strong plants varies from 277 to 338 grams and from the weak 
plants from 60 to 283 grams. 


TABLE 2.—The average weight at husking time of ears from strong and from 
weak plants tasseling at various dates. 


= 


Strong plants. Weak plants. 
Dates of tasseling. ae Soe °F 
No. of ears. |Average weight.) No.of ears. {Average weight. 
Grams. Grams. 

Afri: 2 59.2 We A conegccea- yeeros sates 4 291 

PSU OUST IS sive lots ube d ete fared tele 22 338 4 283 
PNA ANGE 5% yh ee conte de eee Daltees 8 315 2 165 
PTERUISE 27: Siecle vera cite prce lic nusege ete 6 207 8 280 
PENAL CTSICLS( Regen Meri ts OR teem cl I 305 z I13 
PAREOUISE IT 2 Mahon sce Maletoit pete kao 5 310 DE I5I 
ATIUIStITS FO ee ha Cate, eae Re I 290 8 163 
PMICTSE UE aha corti the aes Cee ak Sa I42 
PUG SU MEOH ars clare ce Me eee om 2 60 
PRU SUSE HO ie ees fais tee vfs ota ct Pe 3 IOI 
TOtalor average «0:6 hee ee < | A7 309 | 48 i777 


The average weight of the ears from the strong plants is 309 grams; 
from the weak plants, 177 grams, a difference of 74 percent. The 
table also shows that nearly half of the weak plants tasseled after 
Aug. 11, while only one of the stronger plants came into tassel after 
that date. 

In Table 3 the distribution of the population of each group of ears 
with respect to weight is shown. 
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TasLe 3.—Distribution of the population of ears from strong and from weak 
plants according to weight. 


Number of ears. | Number of ears. 


Weight of ear, Weight of ear, 


=o Strong stalks. | Weak stalks. dep ara | Strong stalks, | Weak stalks. 
Om SO ie Wie wee Oo 5 ROO=S'SO' bo anit | ie 4 
BOSLOO vs sts te) 5 350-400...... 8 i 
ROO=-250..>... 2 10 400-450...... 2 ) 
150-200..... 4 9 ASO-500..,... 3 ) 
200-8507. ....... 7 8 BOO=5 500.0 « on I O 
250-300..... 8 6 


Table 3 shows that the strong plants produced no ears under 100 
grams in weight. On the other hand, there were Io ears from the 
weak stalks that weighed less than 100 grams. More than half of 
the ears from the strong stalks weighed over 300 grams, while two- 
thirds of the ears from the weak stalks weighed less than 200 grams. 
The yield of dried shelled grain was 221.7 and 109.6 grams from the 
strong and weak plants, respectively; the weight of cob, 41.7 and 
38.8 grams. The strong plants had 19 percent of cob and the weak, 
24 percent. The yield of shelled grain from the strong plants was 
102 percent larger than from the weak. 

The results of this very brief study indicate that the weaker plants 
in a population of corn are much below the average in yield. The 
stand of plants in a field may be perfect and yet produce only an 
ordinary crop. The weak plants may be the result of environment, 
but not in this test, as each weak stalk had at the beginning a strong 
companion stalk. The weakness would appear to be inherited, the 
result of a lack of vigor on the part of the kernel. This inference 
naturally leads to the question of thinning corn. If care is used in 
thinning so that only the more vigorous plants are left in the hill a 
considerable advance in yield may be expected over haphazard selec- 
tion. It may also be advisable to plant several kernels to the hill so 
that a wider opportunity for selecting the stronger plants may be of- 
fered. Further work along this line must be undertaken to deter- 
mine fully the extent of these differences and the methods which may 
be employed to obtain the most vigorous plants. 
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THE EFFECT OF DIFFERENT ROTATION SYSTEMS AND OF 
FERTILIZERS ON THE PROTEIN CONTENT OF OATS.1 


R. W. THATCHER and A. C. ARNy, 


INTRODUCTION. 


The Farm Crops Section of the Division of Agronomy and Farm 
Management of the Minnesota Agricultural Experiment Station has 
under way a series of plot studies of various crop rotations, both with 
and without the application of manure and of various forms of com- 
mercial fertilizers. These plots serve very well for a study of the 
effect of the soil treatment and of clover in the rotation upon the 
chemical composition of the succeeding crops. Several different lines 
of study of this sort are in progress. The present paper deals with 
certain results which have been obtained with oats. 

Samples of the crop of oats from each of the several plots involved 
in the study were taken each year to the chemical laboratory and the 
percentage of dry matter and of protein which they contained deter- 
mined in the usual manner. No field data other than the plot num- 
bers accompanied the samples and it was not until the analytical 
figures were finally compiled for record that the regular effect of the 
various plot treatments upon the protein content of the oats was dis- 
covered. This effect is so definite and so striking that it seems desir- 
able to publish the results at the present time, although the studies 
will be continued over a considerably longer period of years. 

There are a few previous reports of results of analyses of oats to 
show the effect of fertilizers used upon the composition of the grain, 
but they are generally the results of a single season’s tests, often with 
inconclusive results. Woods? found an apparent increase in protein 
content of both grain and straw with increased application of nitro- 
gen in the fertilizer. Weibull,? using the composition of the crop as 
an index for fertilizer requirement of the soil, concluded that since 
he found slightly increased percentages of nitrogen in the grain and 

1 Published with the approval of the Director as Paper No. 72 of the Journal 
Series of the Minnesota Agricultural Experiment Station. Received for pub- 
lication. J uly-2, 1087. 

2 Woods, C. D. Effects of different fertilizers upon the composition of oats 
and straw. Jn Conn. Storrs Agr. Expt. Sta. Rpt. for 1892, p. 47-56. 


3 Weibull, M. Cooperative fertilizer experiments in Malmohus County, Swe- 
den, 1902. Abs. in Expt. Sta. Rec., 15: 570. 1903. 
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of potash in the straw from plots which were fertilized with those 
particular elements and no consistent increase in phosphoric acid in 
the grain from plots to which phosphate fertilizers had been added, 
the soils were in need of nitrogen and potassium, but not of phos- 
phorus. Pingree,* as a result of studies of oats grown in 1904, 
found that where nitrogen was applied alone a larger proportion of 
protein in the dry matter of the entire plant was produced than in 
any other of the soil treatments used, the proportion being distinctly 
less in the crop on the unfertilized plot, still lower when potassium 
alone was used, and lowest of all whenever phosphoric acid was used 
(even in a complete fertilizer). Tretiakow,° in a single experiment, 
found that an application of barnyard manure increased the protein 
content of oats from 11.38 percent to 12.81 percent. 

Lipman*® studied the effect of the application of potassium sulfate 
and of sodium nitrate to oats grown alone and grown with peas in 
large galvanized iron cylinders in the open field and in pots in the 
greenhouse, and of other combinations of legume and non-legume 
under varying conditions, and came to the conclusion that 


1. Under favorable conditions non-legumes associated with legumes may se- 
cure large amounts of nitrogen from the latter, even though this may not be 
indicated by an increased proportion of nitrogen in the dry matter of the 
non-legume. 

2. When sodium nitrate is applied to such crop mixtures, the non-legumes 
gain an advantage in the competition for moisture, light and plant-food, and 
the growth of the legume is depressed. The latter contains not only less of 
dry matter and nitrogen, but may possess a smaller proportion of nitrogen in 
the dry matter. 


Lyon and Bizzell’ have noted an increased protein content of tim- 
othy when grown in association with alfalfa or with clover and of 
oats when grown with peas as compared with that of the grass or 
cereal when grown alone on adjacent plots in the same season. 

None of these studies, however, have dealt with the effect of a 
legume in the rotation upon the protein content of other crops grown 
in intervening years upon the same plot. So far as we are aware, 


4Pingree, M. H. The influence of nitrogenous, phosphatic and potassic fer- 
tilizers upon the percentage of nitrogen and mineral constituents of the oat 
plant. Jn Penn. Agr. Expt. Sta. Rpt., 1906, p. 43-53. 

5 Tretiakow, S. S. F. Influence of mode of cultivation on the chemical com- 
position of cereals. Abs. in Expt. Sta. Record, 34 (1916), p. 230. 

6 Lipman, J. G. The associative growth of legumes and non-legumes. N. J. 
Agr. Expt. Sta. Bul. 253. 1912. 

™Lyon, T. L., and Bizzell, J. A. A heretofore unnoted benefit from the 
growth of legumes. New York (Cornell) Agr. Expt. Sta. Bul. 294. IQII. 
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the data presented below are the first to be presented which deal with 
this phase of the problem. 

The crops from which the samples were taken for our analyses 
were in regular rotation series. Hence, with the exception of the 
plot sown to oats continuously, the crop which had received the 
given treatment in any given year grew upon a different plot than in 
the preceding year or, in the 4-year and 5-year rotations, in any of the 
previous years. This reduces to a minimum the possibility of the ob- 
served effects being due to soil differences or to accumulations from 
previous soil treatments. We believe, therefore, that the results here 
presented afford conclusive evidence on the points in question. 

The particular cultural and soil treatments the effects of which are 
considered in this paper are briefly described below. In all of the | 
systems except where oats are grown continuously the crops are 
grown successively on as many plots as there are crops in the rota- 
tion. The same variety of oats was used for the entire series and 
the rate and date of seeding, method of harvesting, etc., were uni- 
form for the series each year. 


RotTaTION PLots. 


Continuous Oats——This plot has been seeded to oats each spring 
since 1909. Manure is applied to the plot at the rate of 6 tons per 
acre every third year in the autumn preceding the preparation of the 
seed bed for the next year’s crop. The last application was in the 
autumn of IQ15. 

Two-year Rotation, Oats and Wheat——Treatment the same as for 
the plot on which oats are grown continuously, except that oats and 
wheat are alternated on two plots. 

Two-year Rotation, Oats and Corn.—Same as preceding except 
alternate plantings of corn and oats. | 

Three-year Rotation, No Manure—Corn, oats, and clover are 
seeded in rotation, with no manurial treatment. 

Three-year Rotation, “ Model Rotation.’”—Same as preceding plot, 
except that manure is applied the autumn previous to the planting of 
the corn at the rate of 6 tons per acre: 

Four-year Rotation—Corn, oats, wheat, and clover are seeded in 
rotation, manure being applied the autumn preceding the corn at the 
fate-of 8. tors per acte: 

Five-year Rotation—Corn, oats, wheat, and clover and timothy 
hay are grown in rotation and the plot pastured during the fifth year. 
Manure is applied the autumn preceding the corn at the rate of 10 
tons ‘per-acnKe. 


Pe 
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FERTILIZER PLots., 


All of these plots are in a 3-year rotation of corn, oats, and clover. 
The fertilizer is applied annually. The different fertilizers are pur- 
chased and applied separately. ‘The phosphates and potash are ap- 
plied at seeding time. The nitrate is applied after the grain and corn 
are up. The following are the kinds and amounts of fertilizer used. 

Commercial Fertilizer Only—Two hundred and fifty pounds of 
acid phosphate and one hundred pounds of muriate of potash per 
acre are applied, half to the oats and half to the corn at the time the 
seed bed is prepared. After the grain is up 300 pounds of nitrate of 
soda per acre are applied, half to each crop. 

Manure and Commercial Fertilizer—Manure at the rate of 6 tons 
per acre and the same commercial fertilizer as used on the preceding 
plot are applied. 

Manure and Nitrate of Soda—Six tons of manure per acre are 
applied to the corn each year and in addition 320 pounds of nitrate 
of soda per acre, half to the oats and half to the corn. 

Manure and Muriate of Potash—Six tons of manure per acre are 
applied to the corn each year and in addition 200 pounds of muriate 
of potash per acre, half to the oats and half to the corn. 

Manure and Raw Rock Phosphate——Six tons of manure and 1,000 
pounds of raw rock phosphate per acre are applied to the corn each 
year. 

Manure and Acid Phosphate-——Six tons of manure per acre are 
applied to the corn and in addition 400 pounds of acid phosphate per 
acre, half to the oats and half to the corn. 


a 


RESULTS OF ANALYSES. 


The results of the analyses of the oat crops from the various 
plots are shown in Tables 1 and 2. 
These results clearly show a definite effect of the rotation system 
upon the chemical composition of the oat crop. The short rotations, 
with no clover or intertilled crop to provide for summer cultivation 
to the land, uniformly yield oats with a low percentage of protein. 
The 3-year rotations, with clover and either with or without manur- 
ing, with at least one corn crop to provide summer cultivation, give 
oats of medium protein content; and the longer rotations, with clover 
or with clover and pasture, yield oats of high protein content. 
The results presented in Table 2 show a definite correlation be- 
tween the protein content of the oat grain and the fertilizer treat- 
ment. The plots receiving fertilizers which contain nitrogen invari- 


Pp ee eee eee eee 2 
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TABLE 1.—Effect of differential rotation systems upon the protein contents of 
oats, expressed as percentage of protein in the dry matter. 


Percentage of protein in dry matter. 


Rotation. Manure applied. 
Aver- 
TOT. IQIs. 1916. | age. 
None, continuous oats....... | 6 tons per acre each 3d year| 12.94 | 11.96 | 13.02 | 12.64 
2-year, oats and wheat...... do. 12.63) DOebeaeeo gs Nee. 51 
2-year, oats and corn........| do. | 13.25 M1z.95 | 13.13°| 12.78 
3-year, oats, clover,*corn....| None < | 14.00 | 14.66 | 15.46 | 14.71 | 
3-year, oats, clover, corn....| 6 tons per acre, preceding 
corn 14.63: | 13:45-4-54,.902 | 14.33 
4-year, wheat, clover, corn,| | 
C6 12 Coes a Pea IP SE gol SS | 8 tons per acre, preceding | 15.25 | 15.73 | 14.89 | 15.29 
corn 
5-year, wheat, clover, pasture, | | 
COLN MODES oi. sacs eee 10 tons per acre, preceding | 15.88 | 14.49 | 15.05 | 15.14 
corn 


TaBLe 2—Effect of different fertilizations upon the protein content of oats 
grown in a 3-year rotation of oats, clover, and corn, expressed as 
percentages of protein in the dry matter. 


Percentage of protein’in dry matter. 
Fertilizer used. 
1913. IyI4. IQI5. 1916. Average. 
None (cheek plot) i)... a. cea 14.56 | 14.63 13.09 14.92 14.30 
Commierciabionly oe casein ale oer. £6,002)" T5230 13.57 16.10 15.24 
Manure + commercial......... 14.69 I5.00 C5257 15.09 
Manure + nitrate of soda...... ESE 15.88 16.14 15.80 15-74 
Manure + muriate of potash... 13.81 13.69 12.06 14.06 13.40 
Manure + raw rock phosphate. . TA.02 13.69 14.06 14.76 14.16 
Manure + acid phosphate...... 14.31 13.04 -), 25.50. ae 14.44 


~ 


ably produce grain having a higher protein content than that from the 
plots which received any other treatment. The single sample having 
the highest percentage of protein and the highest average for the 
4-year period resulted from the use of nitrate of soda. The complete 
fertilizer contained enough readily available nitrogen to produce 
nearly the same effect upon the composition of the oats as the sodium 
nitrate alone. The potash fertilizer produced oats which were 
slightly lower in protein content than those from the check plots in 
every one of the four years. The phosphate fertilizers did not ma- 
terially change the protein content of the grain, that from the treated 
plots being sometimes slightly higher and sometimes slightly lower 
than that from the check plots, with the average protein content prac- 
tically identical in the check, the raw rock phosphate and the acid 
phosphate plots. 
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AGRONOMIC AFFAIRS 


THE TENTH ANNUAL MEETING. 


The tenth annual meeting of the Society will be held in Washing- 
ton, D. C., on the date tentatively announced in the September num- 
ber (November 12 and 13). A number of titles for papers have 
already been submitted, but.there is still room on the program for a 
few more. Those who expect to attend and to present papers are 
urged to notify the Secretary at once, so that the full program may be 
printed and mailed to members in advance of the meeting. 


MEMBERSHIP CHANGES. 


The membership reported in the last number was 655. Since that 
time 6 new members have been added and 8 have resigned, making 
the present membership 653. The names and addresses of the new 
members, the names of the members resigned, and such changes of 
address as have been reported to the Secretaty follow. 


New MEMBERS. 


FOERSTERLING, H., 380 High St., Perth Amboy,,.N. J. 

Gray, W. F., County Agent, Woodward, Okla. 

Jackson, L. D., Western Canada Flour Mills Co., Winnipeg, Man. 
Metzcer, J. E., College Park, Md. 

Murray, JAMEs, Macdonald* College, Quebec, Canada. 

PittMAN, D. W., Agr. Expt. Sta., Logan, Utah. 


MEMBERS RESIGNED. 


Crare, C. -E; McQuarrig, C. K. Voict, Epwin. 
GarREN, G. M. Scuick, Geo. M., jk. WEHRLE, L. P. 
KoEBER, JAMES. SmitTH, HERBERT G. 


CHANGES OF ADDRESS. 


ANpbrEw, Myron E., Station A, Ames, Iowa. 

Bett, N. Eric, Greenville, Ala. 

Biepsog, R. Pace, 210 Elizabeth St., Charleston, W. et 

Bryant, Ray, Frederick, Okla. 

Cutter, G. H., University of Alberta, Edmonton South, Alta., Canada. 
Hitt, Pore R., Toccoa, Ga. 
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Kemp, A. R., Bridgeport, III. 

MaAcFARLANE, WALLACE, University of Arizona, Tucson, Ariz. 
Rosertson, R. B., R. R. No. 2, Box 5, Vinson, Okla. 

SCHUER, Henry W., 249 W. toth St., Columbus, Ohio. 
SOUTHWICK, Everett F., 208 Lowell St., Peabody, Mass. 
STEWART, Geo., Agr. Expt. Sta., Logan, Utah. 

SUDDATH, R. O., Auburn, Lee Co., Ala. 

WILLARD, C. J., Dept of Farm Crops, OF SU); Columnist Ohio. 


NOTES AND NEWS. 


W. A. Albrecht, formerly of the Missouri university and station, 
is now acting head of the department of agronomy in the University 
of Wyoming. 

W. W. Baer, assistant chemist of the New York State station, has 
entered: the jU0S: mayal’ service. 


J. F. Barker, agronomist of the New York State station, has been 
placed in charge of extension work in agronomy at Ohio State Uni- 
versity, and has been succeeded at Geneva by R. C. Collison, formerly 
associate chemist. Mr. Collison has been granted a year’s leave of 
absence for study. 


W. L. Carlyle, formerly director of the Oklahoma station, is now 
in charge of a 4,000-acre farm in the Canadian Northwest. 


D. A. Coleman has been appointed assistant agronomist of the 
New Jersey college and station. 


Frank R. Curtis has been,appointed director of the Canebrake sta- 
tion at Uniontown, Ala. L. H. Moore, the former director, will re- 
main as assistant director. 


G. H. Cutler, professor of cereal husbandry in the University of 
Saskatchewan, is now professor of field husbandry in the University 
of Alberta. 


A. W. Gilbert, who spent the past year in graduate study in rural 
economics at Harvard University, has resigned his position as pro- 
fessor of plant breeding in Cornell University and is now connected 
with the Boston Chamber of Commerce. 


J. D. Harper, assistant in crops extension in Purdue University, is 
now county agent in Laporte County, Ind. 


Ralph D. Hetzel, director of extension in Oregon, has accepted the 
presidency of the New Hampshire Agricultural College and has 
entered on his duties. He has been succeeded in Oregon by O. D. 
Center, formerly director of extension in Idaho. 
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E. R. Hodgson, associate agronomist at the Virginia college and 
station, has become specialist in agronomy in the Virginia extension 
service, and has been succeeded in the college and station by T, K. 
Wolfe, formerly assistant agronomist. 


R. R. Hudelson, assistant professor of soils in the University of 
Missouri, is absent on a year’s leave and is enrolled in the Reserve 
Officers Training Camp at Fort Sheridan, Ill. 


R. A. Kinniard has been promoted from extension instructor to 
extension assistant professor of soils in the University of Missouri. 


M. W. Kirkpatrick, formerly superintendent of the Dodge City, 
Kans., substation, has succeeded C. E. Cassel, resigned, as superin- 
tendent of the Tribune substation in the same State. 


E. H. Lindley, professor of philosophy in the University of Indiana, 
has been elected president of the University of Idaho and has entered 
on his duties. 


Franklin L. McVey, president of the University of North Dakota, 
has been elected president of the University of Kentucky. 


Wallace Macfarlane, who for the past year has been assistant 
agronomist in charge of soils work at the Oklahoma station, is now 
agronomist of the University of Arizona. 


‘CC. E. Myers has been promoted to associate professor of plant 
breeding and C. F. Noll and J. W. White to associate professors of 
experimental agronomy in the Pennsylvania college and station. 


J. S. Owens has been appointed assistant in experimental agronomy 
at the Pennsylvania station. 


T. S. Parsons, agronomist of the Wyoming university and station, 
has been granted a year’s leave of absence for graduate work at the 
University of Wisconsin. : 


Joe Robinson has been appointed assistant agronomist in the Wyo- 
ming university and station, succeeding P. T. Meyers, resigned to 
become county agent for Campbell County, Wyo. 

Henry W. Schuer and C. J. Willard, the latter from the University 
of Illinois, have been added to the instructional force in farm crops 
in Ohio State University. 

George Stewart, who spent the past year in graduate work in Cor- 
nell University, has been made assistant professor of agronomy and 
assistant agronomist in the Utah college and station. 

C. A. Thompson has been appointed assistant in soils and O. E. 
Barbee assistant in farm crops at the Washington station. 
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Donald K. Tressler, formerly assistant in agricultural chemistry 
in the Cornell station, is now with the U. S. Bureau of Soils. 


R. G. Wiggans, assistant professor of farm crops in the Ohio State 
University during the past year, is again. associated with the farm 
crops department of Cornell University. 

C. G. Woodbury, horticulturist, has been elected director of the 
Indiana station. 


THIRD INTERSTATE CEREAL CONFERENCE. 


The third Interstate Cereal Conference was held at Kansas City, 
Mo., June 12-14, 1917. The attendance was about 60, representing 
8 States, 8 offices of the U. S. Department of Agriculture, the Minne- 
sota and Kansas grain inspection departments, several commercial 
concerns, and the Southwestern farm and trade press. A wide range 
of topics was discussed, though much of the time was devoted to 
means of increasing and conserving cereals during the present emer- 
gency. A part of the third day of the conference was spent in the 
inspection of mills, elevators, and other points of interest in Kansas 
City. A majority of those in attendance visited the Kansas station 
and college at Manhattan on June 15 and a considerable number con- 
tinued the trip to include the branch station at-Hays on the follow- 
ing day. | 


CONFERENCE OF WESTERN AGRONOMISTS. 


The second annual conference of agronomic workers in the eleven 
western States was held July 31 and August 1 and 2 at Moscow, 
Idaho, and Pullman, Wash. The first day’s sessions and that on the 
morning of the second day were held at Moscow, and the remaining 
ones at Pullman. Seven States and several offices of the U. S. De- 
partment of Agriculture were represented, the State.and departmental 
forces including men from 15 stations. The program included dis- 
cussions of fallowing, rotations, tillage methods, the use of irrigation 
water, the nitrogen supply, the distribution of superior seed stocks, 
marketing, adaptation of varieties, the use of new crops, interstate 
cooperation in experimentation, and other topics of interest to agro- 
nomic workers. The next conference will be held at Corvallis, Ore., 
on a date-to be decided by the executive committee, of which Gorge 
R. Hyslop is the local representative. 


JOURNAL 


OF THE 


American Society of Agronomy 


BPO. Oy.” NOVEMBER, IQI7. No. 8. 


WHY CEREALS WINTERKILL.' 


Ss. ©. SALMON: 


INTRODUCTION. 


Winterkilling has been investigated as little as any of the important 
phases of cereal crop production. Practically no experiments to de- 
termine its causes have been conducted in the United States and only 
a few in foreign countries. The status of present knowledge depends 
largely on general observation and a few experiments with other 
plants, chiefly vegetables and fruits. 

Where winter cereals can be successfully grown they usualiy yield 
from a few bushels more than to several times as much as spring 
varieties. There are other advantages, such as early maturity, dis- 
tribution of labor, and condition of the ground for seeding. Only 
about one fourth of the world’s wheat crop is sown in the fall, how- 
ever, and a much smaller proportion of oats and barley. The winter 
varieties of these grains are not sown mainly because of their inability 
to survive the severe winters of the principal grain-growing areas of 
the world. 

This paper is intended to suggest some probable causes of winter- 
killing, but especially to bring together the results of experiments and 
general observation as a basis for further investigations. 


. CAUSES OF WINTERKILLING. 
The probable causes of winterkilling may, for convenience, be 
grouped under four heads, though in some cases the boundaries over- 


1 Contribution from the Kansas Agricultural Experiment Station, Manhattan, 
Kans. Received for publication May 7, 1917. 
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lap. They are (1) heaving, (2) smothering, (3) physiological 
drought, and (4) direct effect of low temperature on the plant tissue 
and protoplasm, 


HEAVING. * 


Heaving is one of the most common causes. It occurs especially 
on poorly drained soils in humid areas and is believed to be more 
common on heavy than on light soils. It occurs usually in the spring 
and is due to alternate freezing and thawing, which expands the soil 
and then allows it to contract. The plants are lifted from the soil 
and the roots are broken and exposed to the air. Heaving is a 
common cause of winterkilling in the eastern half of the United . 
States. 

No method is known for preventing heaving. Drainage of wet 
areas will aid but will not entirely prevent heaving, since it occurs 
on soils that are normally well drained. Well-prepared ground, 
timely seeding, and other conditions which promote a healthy growth 
and strong roots are important. 

Montgomery (43)? found that rolling early in the spring where 
heaving had taken place prevented much of the injury that would 
otherwise occur. 

Newman and Pickett (47) report that in South Carolina plants 
from deeply sown seed are more likely to be injured than are those 
from shallow planting. The explanation is as follows: The soil 
seldom freezes deeper than 3 inches. If the grain is sown deep, the 
seminal roots are below the frost line and the coronal roots above. 
When the ground freezes, the upper part of the plant together with 
the coronal roots is lifted with the surface soil, while the seminal 
roots are held below. As a result the connection between the two 
sets of roots is broken. If the seed is covered shallow, however, 
both will be in the frozen soil and will be lifted together. 

Wollny (78) states that plants from shallow planting are less_ 
likely to be injured than from deep planting, but he attributes the 
difference to more vigorous plants in the former case. 

Wright (79) in experiments conducted in Indiana, found a de- 
cidedly greater survival from seeding 1% inches deep than from 
seeding either three fourths of an inch or from 3 to 4 inches deep. 

McClelland (36) found that winter oats sown in deep furrows 
in Georgia were protected from injury due to heaving by dirt from 
the ridges falling about the crowns of the plant. Similar results 
vere secured by the writer at the Kansas station (57). 


* Figures in parentheses refer to papers similarly numbered in the bibliog- 
raphy on page 377. 
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SMOTHERING, 


Smothering is believed to be a frequent cause of injury when the 
grain is covered with an ice sheet or very deep snow. Whether the 
plants die from lack of air, as implied, or from some other cause 
seems never to have been determined. 

Watson and Miller (72) note that varieties of wheat at the Penn- 
sylvania station were badly damaged by an ice sheet during early 
March, 1904. Nearly all the wheat so covered was killed. The in- 
jury was attributed to smothering. Similar damage was noted by 
Noll (49) for the winter of 1909-10. The ice sheet in this case was 
several inches thick. It occurred earlier in the season and remained 


_ for a longer period, i. e., during most of January and February. The 


injury was less, however, than in 1904. There was little relation 
between variety and extent of injury except that the Turkey and a 
spring wheat sown in the fall suffered more than the others. Timothy 
sown with the wheat was injured less than the wheat. 

Winter grains at Manhattan, Kans., and elsewhere in Kansas were 
badly damaged during the winter of 1909-10. The injury was at- 
tributed to an ice sheet formed by refreezing of melted snow. The 
survival was greatest south or east of a hedge, stone wall, or other 
obstruction to the wind. In these locations the snow which fell in 
midwinter did not change to ice so soon, the damage being greatest 
where the ice formed earliest. Early sown wheat survived better 
than late sown and apparently those varieties survived best which 
had the densest growth of leaves. 

In 1916 an ice sheet from half to 1% or more inches thick occurred 
at Manhattan, Kans., without apparent injury to any winter grain. 
This ice sheet was caused by a storm of sleet and rain, which froze 
nearly as rapidly as it fell. The surface of the ground, the sleet, 
and the melted snow surrounding the plants was frozen in a solid 
mass. Ihe storm occurred January 25 and the ice remained until 
February 10. Considerable injury was reported in the northeastern 
part of the state, where the ice was thicker. 

Sinz (68), among other observations relating to winterkilling of 


cereals at Goettingen, noted that an excessive snow covering may 


suffocate the plants. 
Waldron (71) says that in northern Michigan wheat is often 


_ severely injured by snow, and that in Hungary a continuous snow 


covering upon the winter wheat is considered injurious. -lf snow 
crusts are formed they are broken by stock driven over the fields. 
He attributed a part of the injury to wheat at the Dickinson (N. 
Dak.) substation in 1910 to smothering because of deep snow. 
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Wright (79) sprayed plots of wheat in February with a fine spray 
of water when the air temperature was —12° to —15° C. When 
the water was frozen the operation was repeated until the blades 
of the plants and the surface of the ground were completely covered 
with ice. This ice remained on about three days. When it had 
thawed the grain was found to be seriously damaged and in the 
spring even the roots were dead. A microscopic examination of the 
leaves showed that the cellular structure had been decidedly dis- 
arranged. In many places the epidermis was entirely separated from 
the underlying cells, but the most evident effect was the disunion of 
the cells. In another experiment plants entirely submerged in water 
and others with their roots only submerged were frozen for 48 hours. 
Those entirely submerged were the more seriously damaged. A 
microscopic examination of the tissue showed conditions similar to 
those found in the first experiment. 


PHYSIOLOGICAL DROUGHT. 


Physiological drought has never been proved to be a cause of 
winterkilling of cereal crops, but has long been regarded as a cause of 
injury to shrubs and trees. <A cold soil and especially a frozen soil, 
as noted by Schimper (65), is physiologically dry; that is, plants 
cannot obtain water from it. Jost (31), however, states that some 
slants may obtain water from a frozen soil. | 

However, transpiration may take place quite rapidly at rather low 
temperatures, as shown by Wiesner and Pacher (75). Twigs of 
horse chestnut and oak, for example, lost 0.32 percent and 0.25 percent 
respectively of their weight in 24 hours at —3.5° to —10.5° C., and 
0.199 percent and 0.192 percent at —5.5° C. to —13.0° C. Beach 
and Allen (5) found a loss of from 4 to 9 percent of water in apple- 
tree twigs during a single week in January with a minimum tempera- 
ture of —15.0° F. (—26° C.). They found also in general that 
the hardiest varieties were most resistant to loss of water. 

Bud scales, corky integument, and especially cutinized protective 
coverings which were once thought to protect the plant by prevent- 
ing loss of heat are now regarded as means to prevent excessive trans- 
piration. Wiegand (73), for example, measured the temperature of 
buds with the bud scales removed and before they were removed, but 
failed to find any marked difference. Chandler (11) found that buds 
with the scales removed were slightly more resistant to low tempera- 
ture produced artificially in the laboratory than were the normal 
buds. Schimper (65) found that desert plants frequently have a 
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strong resemblance in their structure and habit of growth to those 
of polar regions. This would be expected if resistance to cold de- 
pends on reducing the transpiration to a minimum. 

Sachs (56) observed that the foliage of certain plants wilted when 
exposed to a temperature above the freezing point. He concluded, 
as did Miller-Thurgau (45), that this wilting was due not directly 
to the cold but to the inability of the roots to secure moisture from 
the cold soil. 

Hall (25) states that winter injury to such shrubs as rose trees is 
frequently due to drying winds when the roots are unable to secure 
water because of the cold soil. 

Experiments at the Arizona station appear to show a definite rela- 
tion between thickness of the epidermis and the amount of reserve 
or storage material in spineless cacti and their resistance to freezing. 

Perhaps the best evidence that physiological drought is a cause of 
injury to cereals is the well-known xerophytic structure of the most 
hardy types. Winter rye and Turkey and Kharkof wheat, for 
example, are characterized by a narrow leaf and a prostrate habit of 
growth. The soft winter wheats, winter barley, and the common 
varieties of winter oats, on the other hand, have broad leaves which 
usually assume a more or less upright position and hence are more 
exposed to the wind. The Winter Turf variety of oats has a narrow 
leaf and a prostrate habit of growth very similar to that of Turkey 
and Kharkof wheat. This variety is the hardiest of the winter 
oats. It is much less hardy, however, than those varieties of wheat 
and barley which are characterized by wide leaves and upright 
growth. 

Federoff (16) observed that wheat was injured much less in 
protected portions of a field than in exposed portions. The injury 
was attributed to a March wind when the ground was frozen, there 


having been no injury during the preceding severe winter. 


Kolkunov (32) found that those varieties of wheat with the most 
pronounced xerophytic characters seemed the most hardy. 

Sinz (68) concluded as a result of experiments at the University of 
Goettingen that those varieties of wheat which seemed to be able 
to prevent rapid transpiration were among those most highly resistant 
to cold. | 

Schaffnit (64), on the other hand, as a result of a study of 200 
varieties of wheat during three winters, found no relation between 
morphological characters and resistance to cold. He concluded that 
structural differences are unimportant from this viewpoint. 
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In a preliminary study of several varieties of winter wheat, rye, 
barley, and oats the author and assistants (61) found no differences 
in cell structure, epidermal covering, or ability to control transpira- 
tion that could be correlated with the great differences in cold-resist- 
ance known to exist. Recent data, however, indicate a relation be- 
tween the ratio of root length to leaf area and ability to survive low 
temperature. The ratio for Turkey wheat, for example, was found 
to be about 25 percent greater than that for Fultz, a less hardy variety, 
and about 40 percent greater than for oats and barley. 

Schimper (65) observes that “the capacity to withstand intense 
cold is a specific property of the protoplasm of certain plants and is 
quite unassisted by protective measures that are external.” ‘Our 
present power of observation,” he says, “does not enable us to recog- 
nize in plants any special protective means against cold.” 

If physiological drought is a common or the only cause of winter 
injury, then those plants which are most resistant to drought would 
be expected to be best able to withstand severe cold. This relation 
holds true for many plants, but certainly it does not for all. Brome- 
grass, for example, is markedly resistant to both cold and. drought 
but Kentucky bluegrass, timothy, meadow foxtail, reed canary grass, 
clover, and alsike clover, which are very resistant to cold are adapted 
to humid areas only. Piper (54) states that red clover is probably 
more resistant to cold than alfalfa and that alsike clover, which is 
grown only under humid conditions, is more resistant to cold than 
either red clover or alfalfa. White clover, which, according to Piper, 
occurs northward to the limits of agriculture, grows only where mois- 
ture is fairly abundant. i 

Schimper (65) notes that in central Europe delicate plants like 
Bellis perennis and Stellaria media are exposed to the weather with- 
out any hairy covering or protective layers of any kind, not even a 
thick cuticle. They are frozen hard and brittle as glass, but when 
spring comes they continue to grow undisturbed. 

In conclusion, the experimental and observational evidence does 
not permit one to deny or affirm that physiological drought is a 
cause of injury in all cases. One familiar with winter grains in the 
Great Plains of the United States can hardly escape the conviction 
that exposure to cold, dry winds when the ground is bare and frozen 
is very injurious. On the other hand, in certain northern areas winter 
wheat is usually killed close to the ground, so that not a spear of 
green can be seen. In the spring the plants start growth apparently 
as vigorously as though the green leaves had been retained. 
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Also, there seems to be little evidence to show that the well-known 
difference in hardiness of winter oats and barley on the one hand and 
wheat and rye on the other is due to the greater ability of the latter 
to control transpiration or to absorb water from a cold soil. Barley 
and oats are killed much more easily than wheat and rye when covered 
with snow or protected from transpiration in other ways. 

Probably, easily injured plants are killed before physiological 
drought can have any marked effect. Plants which are able to 
survive temperatures that freeze the ground as deep as the roots 
penetrate, however, must frequently be exposed to the effect of phys- 
iological drought. Any habit of growth or structure which enables 
a variety to reduce the transpiration in proportion to the water ob- 
tained from the soil or any character or quality which permits it to 
survive with less water would presumably prolong its life in com- 
parison with those varieties which lack this ability. 


DIRECT EFFECT OF LOW TEMPERATURE. 


There can be no doubt that plants are often killed by the direct 
effect of cold on the tissue without heaving, smothering, or physio- 
logical drought taking place. But the final effect of a given tempera- 
ture is modified and influenced by so many factors both external and 
internal that the nature and the exact cause of such injury is difficult 
to determine. In general, it may be attributed to one or more of 
four groups of factors, viz., (1) mechanical injury, (2) desiccation 
of the protoplasm, (3) chemical effects, and (4) suspension of meta- 
bolism. It is evident that two or more of these results may occur 
in the same tissue at the same time. 

Mechanical Injury—Early observers believed that plants were able 
to develop heat and so prevent the formation of ice. Early Greek 
philosophers who were unaware of the cellular structure of plants 
thought the injury to be due to the rending and mashing of the plant 
organs by the formation of ice. Du Hamel and Buffon presented 
the theory in 1737 that death was due to rupturing of the cell walls. 

Geoppert (20) found that ice formed both within the cells and 
in the intercellular spaces. Miiller-Thurgau (45) decided as a 
result of careful study that ice usually formed in the intercellular 
spaces, and within the cells only in case of rapid freezing or in 
_ exceptionally large cells. Miiller-Thurgau also proved that in some 

cases the formation of ice was the cause of death, since certain plants 
when supercooled were not injured, but were killed if ice formed at 
the higher temperature. 
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Wiegand (74) has shown that the formation of ice may separate 
different tissues. In leaves rich in water the ice fuses into a sheet, 
completely separating the upper layers from the lower. In twigs 
the outer layers may be entirely separated from the inner. How- 
ever, he found in the case of hardy plants that the separation of the 
cells by the ice masses ordinarily causes no injury. 

Gassner and Grimme (18) attribute injury to green plants to volu- 
metric alterations rather than to any peculiar effect on the plant cells. 

Others attribute injury to the evaporation of the water frozen in 
the intercellular spaces before it can be absorbed by the cells. The 
injury in such cases is regarded as a result of the thawing rather than 
of freezing and is severe in proportion to the rate of thawing. If 
the tissue is thawed slowly the water returns to the cells and they 
regain their turgidity without injury. If they are thawed rapidly, 
much of the water is evaporated before it can be absorbed. The pro- 
tection afforded by spraying tomatoes, chrysanthemums, and other 
tender plants when frozen as often practised by gardeners is probably 
explained in this way. 

There thus appears to be good evidence that death in many plants 
is a direct result of mechanical injury caused by the ice. In others, 
especially the more resistant species, ice may form without apparent 
injury. Schimper (65) notes, for example, that alpine plants “ while 
in blossom pass the nights in a completely frozen state and during 
the daytime are exposed to the most intense insolation” and states 
that perennials of the temperate and cold zone “may be frozen into 
lumps of ice without dying.” 

Desiccation.—According to the most commonly accepted theory, 
winterkilling is due to desiccation of the protoplasm when the water 
is withdrawn and frozen in the intercellular spaces. This theory ex- 
plains the injury much the same as physiological drought, except that 
in the latter case water permanently leaves the plant tissue, while in 
the former the protoplasm loses its water, although it is retained in 
the plant tissue as ice. Physiological drought can cause death only 
when the soil is very cold or frozen, and theoretically may do so with- 
out actual freezing of the plant tissue. Death from desiccation of 
the protoplasm may occur regardless of the temperature of the soil, 
but only when the tissue is frozen. 

Wiegand (74) remarks that “it seems likely that death from 
freezing is usually if not always due to drying out of the protoplasm 
beyond its critical water content. Muller-Thurgau (45) determined 
the amount of water withdrawn from the cell and frozen in the inter- 
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cellular spaces and found that 63.7 percent was so withdrawn at — 13° 
and 79.2 percent at —15.2° C. Both he and Molisch hold that death 
is due to the withdrawal of water from the cells. 

Adams (2) subjected dry and moist seeds of peas, barley, flax, 
turnips, red clover, meadow fescue, and timothy to the temperature 
of liquid air. Germination of the moist seed was greatly reduced, the 
injury being attributed to withdrawal of water from the cells and 
freezing in the intercellular spaces. 

Schaffnit (64) studied the effect of low temperature on the cell 
sap, chemical constituents, enzymes, physical changes, and death points 
of green plants, spores, and pollen grains. He divided them into 
three groups with respect to their ability to survive low temperature 
and to withstand desiccation. The first group are those for which 
water is absolutely essential, the second group can withstand a cer- 
tain degree of desiccation, and the third can stand complete drying. 
For the first group the abstraction of water is regarded as the primary 
cause of death and chemical and physical changes secondary factors. 
It is claimed that temperatures near the freezing point produce in 
some plants chemical products which represent a transition from the 
less stable to the more stable forms. The conclusion is reached that 
for a given temperature “death results from vital reactions called 
forth by the external conditions.” 

Chemical Effects of Cold—vThe injury to plants from low tempera- 
tures have long been regarded as possibly due to chemical changes 
taking place in the protoplasm. Abbe (1) in his review in 1895 
notes that the chemical changes brought about by frost are thought 
to be of principal importance. He states that Kunnisch likens the 
chemical change in frozen sap to freezing out of cryolites from ordi- 
nary solutions at specific temperatures. 

Gorke (21) found that certain proteids are precipitated when plants 
are frozen and apparently those plants are most easily killed whose 
proteids are precipitated at the highest temperatures. He found, for 
example, that in the easily injured begonia a denatured precipitate of 
proteid is obtained at — 3° C., while in winter rye the proteid is 
precipitated at not less than —15° C. and in pine needles at not less 
that —40° C. Gorke also found that the acidity of sap increases on 
cooling, which he believed aided in the precipitation and denaturing 
of the proteids of the cell. He presents the theory that death may 
be due to this precipitation and to the denaturing effect which prevents 
the reabsorption of the proteids on thawing. The precipitation of 
the proteids was believed to be due to ‘the greater concentration of 
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the cell sap as the water is extracted and frozen in the intercellular 
spaces, it being well known that certain proteids a are precipitated in a 
concentrated salt solution. 

Schaffnit (62) found that proteids of rye grown in the open at low 
temperatures are not readily precipitated by freezing, while the pro- 
teids of rye grown in the greenhouse at a high temperature are readily 
precipitated. He concluded that the precipitation of the proteids is 
the only way in which the loss of water from freezing kills plant 
tissue. 

Lidforss (34) found that tender seedlings placed in a sugar solu- 
tion for a time were able to survive several degrees lower tempera- 
ture than seedlings not so treated. 

Chandler -(11) found a decided protective effect from treating 
seedlings of tomatoes, cabbage, cowpeas, kale, lettuce, and the buds 
and blossoms of apples, peaches, and cherries wiih sugar and glycer- 
ine solutions. He argues against the theory of Gorke, however, since 
certain salts which most readily prcipitate proteids did not reduce 
the hardiness of plant tissue when absorbed by it, and in the case of 
zinc sulfate seemed to increase the ability to survive low tempera- 
tures. Also, he, found, no precipitation of proteids in the sap.of 
tender twigs of apple, plum, or pear even in early autumn. Some 
slight evidence was secured that proteids in sap from greenhouse 
plants of cabbage, tomato, kale, lettuce, and peas were precipitated 
by low temperature. Chandler concluded that precipitation of the 
proteids does not explain death. 

Lidforss (34) gives an interesting explanation of the non-precipita- 
tion of proteids in resistant plants as a result of investigations con- 
cerning the winter green flora of southern Sweden. Of many plants 
belonging to a variety of ecological types, none appeared to possess 
any obvious protection against the effects of low temperature. This 
especially was found true of many delicate herbaceous annuals such 
as Holosteum, Cerastium, Lamium, Veronica, Senecio, Vola, 
Fumaria, etc. In all, however, the starch which was contained in 
their tissue changed to sugar on the approach of winter, and again 
changed to starch on the approach of spring. The sugar by increas- 
ing the concentration of the sap reduced the transpiration and the 
freezing point of the sap, and prevented the precipitation of the 
proteids. 

Maximow (40) conducted extensive experiments to determine (1) 
if the death point of plants depends on the plant structure alone 
or if it varies with the physico-chemical condition of the plant; (2) if 
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there is a diminishing of the death point as a result of introducing 
various substances into the plant cell, and (3) the relative protective 
value of different substances. He concluded that (1) the introduc- 
tion of neutral substances such as alcohols, sugars, and salts may 
considerably increase the cold resistance of the cells; (2) the pro- 
tective action of the solution can not be explained alone by the de- 
. pression of the freezing point, since the resistance to cold always in- 
creased more rapidly than this depression; (3) the degree of protec- 
tion is closely related to the eutectic point of the introduced solution, 
substances with a high eutectic point showing no protective effect ; 
and (4) isotonic solutions of different substances with low eutectic 
points possessed nearly the same protective action. Additional ex- 
_ periments showed no relation between the rate of penetration of the 
protective substance and the degree of protection. From this it was 
concluded that protection depends on the solution reaching the outer 
layer only of the protoplasm. 
In other experiments Maximow (39) concluded that killing by 
- cold is probably due not simply to low temperature as such (implying 
a specific minimum temperature) but to physico-chemical changes 
set up in the plasma colloids during the formation of ice. 

Metabolism at Low Temperature-—Molisch (42) has shown that 
plants continuously exposed to a temperature too low for normal 
metabolism but above freezing will eventually die. Hilliard et al. 
(28) state that bacteria may be killed by continued low temperature 
because of its interference with metabolism. Yeast, bacteria, and 
certain molds, according to Blackman (8), can withstand prolonged 
exposure to the temperature of liquid hydrogen. 

The fact that death may result from continued cold above those 
temperatures which usually cause death may have a practical applica- 

tion, since weak plants probably will succumb quicker than others. 
Green and Ballou (22), for example, in a study of injured and 
uninjured orchards on Catawba Island and the peninsula of eastern 
_ Ottawa county in Ohio following the severe winter of 1903-04, found 
that where the vitality of the trees had been lowered by anv cause, 
such as low fertility or poor physical condition of the soil, San Jose 
scale, leaf curl, peach tree borers, etc., the injury from cold was 
increased. 

Chandler (11) found that the sap of peach trees in poor nutritive 
condition has lower concentration and freezes at a higher tempera- 
ture than sap from vigorous, healthy trees. 
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ConpiTIoNS WuicH Mopiry THE DEGREE oF INJURY. 


A serious difficulty in discovering the cause of winterkilling and 
in securing varieties and devising methods of culture to prevent it is 
the presence of numerous secondary effects which cloak or hide the 
primary causes. Some of these factors are external and some reside 
within the plant itself. Among the most important external factors 
are (1) duration and intensity of cold, (2) rate of freezing and 
thawing, (3) protection by (a) snow, (b) mulches, (c) vegetative 
cover, and (d) uneven surface of the ground, (4) moisture content 
and kind of soil, and (5) habit of growth of the plants. Of the 
internal factors the following are worthy of mention: (1) Moisture 
‘content of tissue, (2) dormancy, (3) concentration of sap, (4) size 
of cells, (5) means for controlling transpiration, and (6) age of. 
plants or maturity of the tissue. 


DURATION AND INTENSITY OF COLD. 


A common conception is to think of death resulting when a certain 
specific minimum temperature is reached, this minimum depending 
mainly on the kind of plant. This view is held by Mez (41) who 
says that ‘each plant has its specific minimum point at which death 
occurs due to the direct effect of cold.” Chandler (11) holds that 
the work of Muller-Thurgau, Voitlander, Maximow, and his own 
work at the Missouri station entirely refutes this conclusion. 

Pfeffer (55) points out that the intensity of any agency required 
to produce a fatal effect depends not only on its duration but. also 
on many variable circumstances. Hence, the minimum points can 
only be approximately and conditionally determined. 

Schimper (65) says that “every plant can live only at a tempera- 
ture lying between two extremes termed respectively the upper and 
lower zero points. Overstepping of these limits sooner or later, 
but at the latest within two or three days results in death.” He ob- 
serves that the zero points vary for different species and also for 
different functions of the same species, and that as far as known 
at no place on the earth’s surface is the temperature so low that no 
plant can withstand it. 

Jost (31) quotes experiments of Brown and Escombe and of 
Thiselton-Dyer showing that certain seeds and spores are not killed 
when subjected to —200° C. for five days or to —250° C. for a 
shorter period. 

Wiegand (74), from a review of the literature and his own work, 
concluded that there seems to be little if any evidence that death is 
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due to shock or over-stimulation or any other action of cold which 
might produce the so-called cold rigor. 

McFayden (37) exposed photogenic bacteria to a temperature of 
— 190° C. for 20 hours without impairment of the vitality or func- 
tional activities of the organisms. Phosphorescent organisms become 
nomuminous when subjected to the temperature of liquid air but 
regained luminosity with unimpaired vigor when thawed. ‘The same 
results were secured when they were subjected to the temperature of 
liquid air for seven days, and also when subjected to the temperature 
of liquid hydrogen. 

Wheat kernels previously soaked for 48 hours in water warm 
enough to promote germination were exposed by Wright (79) to a 
freezing temperature produced by salt and ice. Lots were removed 
at intervals of two days, dried, and then sown in well-prepared garden 
soil. There was an almost constant decrease in germination with 
length of exposure and increase in the length of time required for the 
plants to appear above ground. On the average, each two days 
freezing decreased the germination 3.43 percent, 

Schaffnit (63) found that the injury to wheat plants increased with 
duration and lowering of the temperature. 

All investigators appear to agree that for plants that may be 
killed by cold the injury increases with the degree of cold and its 
duration. 


RATE OF FREEZING, 


Perhaps no phase of injury from cold has been the cause of more 
contradictory evidence than the relative effects of slow and rapid 
thawing and freezing. 

Winkler (77) reported that leaves of evergreens and twigs of other 


trees can endure from four to six times as much cold if the change 


in temperature is gradual than if they are suddenly subjected to cold. 
Winter twigs cooled rapidly to — 22° C. were killed, but if kept for 
three days at —16°, two days at —18° C., three days at —20° C.,, 
two days at — 22° C., three days at —25° C., and 12 hours at — 30° 
to — 32° C. they were not all killed, 

Chandler (11) found in an extensive series of studies at the Mis- 
souri station that the rate of temperature fall is very important, espe- 
cially for winter buds. He found for example that apple buds may 
be frozen rapidly enough with salt and ice so that practically all will 
be killed at o° F. (— 18° C.) or slightly above, while they will with- 
stand a temperature of — 20 to —30° F. (—29 to —34.5° C.) if 
the fall in temperature is gradual. It was found that a rapid fall in 
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temperature was more injurious if it occurred during the first part 
of the freezing period than if it occurred later. Chandler found that 
the hardiness of peach buds in a dormant condition is greatly increased 
by continuous cold preceding the date when the temperature goes low 
enough to kill. In his opinion, this capacity to withstand a low temper- 
ature appears to be due to the slow fall in temperature rather than 
to hardiness developed as the result of exposure. 

Hillard et al. (28) found that an abrupt fall in temperature had 
a greater germicidal effect on bacteria than a gradual fall in 
temperature. | 

Pfeffer (55) concluded from a review of the literature that “ re- 
sistant plants withstand rapid and slow cooling equally well and 
it is doubtful whether a rapid fall of temperature is more injurious 
to plants killed by freezing than is gradual cooling. 


RATE OF THAWING. 


Sachs (56) held that the amount of injury was determined by the 
rate of thawing. Muller-Thurgau (45) showed that the methods 
used by Sachs were inaccurate and in a large number of experiments 
was unable to detect any difference in injury due to rate of thawing 
except in the fruits of apple and pear. 

Molisch (42) secured similar results in a large number of ex- 
periments. 

Chandler (11) found that a lower temperature was required to 
kill leaves of lettuce if they were thawed slowly than if thawed 
rapidly, but in the case of all other tests including unripe pears and 
apples there was no indication that the rate of thawing had anything 
to do with the amount of injury. 


Haberlandt (24) states that living cells of perennial twigs and 


other hibernating organs must be protected from violent fluctuations 
in temperature and especially from the effect of sudden thawing. 

Wright (79) exposed barely germinated wheat kernels and wheat 
plants about three weeks old to a temperature of —17° C. over 
night. A part were then placed in a room at an average tempera- 
ture of 21° C. and a part in an outdoors cold chamber to thaw slowly 
with the first moderation of weather. The germinated kernels kept 
at room temperature showed no signs of life but perished in a few 
days. Those which were placed in the cold chamber and allowed to 
thaw slowly “showed themselves to be in a growing condition after 
thawing.” t 

In another experiment partly germinated wheat was placed in a 
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freezing box for periods varying from 2 to 36 days. The average 
decrease in germination for each 2-day period was 3.43 percent when 
the seeds were thawed somewhat slowly, and 7.59 percent when 
thawed rapidly. 

Wright also reports some experiments of Tantphous in which 
partially germinated wheat that was frozen and then thawed slowly 
germinated 86 percent, while that similarly treated but thawed 
rapidly germinated only 18 percent. 

Garcia and Rigney (17) found in a study of fruit trees in New 
Mexico .that if a temperature of 25° or below occurred one to two 
hours before sunrise the damage was great but if the minimum 
temperature occurred near midnight and then gradually rose to the 
freezing point so that the frozen parts had time to thaw before sun- 
rise the injury was insignificant. 

Wiegand (73) studied the effect of alternate thawing and freez- 
ing on hardy buds and twigs of several species of shrubs and trees. 
He says: “thawing seems not to harm these tissues in the least, no 
matter how frequently or how abruptly it is done. I have often 
tried the experiment of transporting twigs abruptly from — 18° to 
the warm laboratory (21° C.) and back several times, thus alternately 
thawing and freezing them. No matter how many times this was 
repeated no injury could be detected in the buds even when sub- 
sequently placed in the greenhouse to grow. 

The conflicting results indicate that some important factors are 
involved which the experimental methods have not controlled or 
eliminated. As a working basis it may be suggested that slow freez- 
ing may decrease the injury by (1) preventing the formation of the 
ice within the cells, (2) by giving the tissue an opportunity to dry 
out, and (3) by permitting the protoplasm to adjust itself to the 
new conditions. Slow thawing can reduce the injury only on the 


assumption that death occurs after the tissue begins to thaw. The 


only theory so far advanced that accounts for winterkilling in this 
way is by permanent loss of water from the protoplasm. In such 
cases slow thawing would permit water to be reabsorbed which if 
thawed rapidly would be evaporated into the air. 

Under natural conditions, the drying out of the plant tissue such 
as occurs in the fall and early winter would appear to be especially 
important since, as shown later, the moisture content of the tissue is 
one of the most important factors which determine the injury. 
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PROTECTION. 


Protection of the plants from low temperature and wind during 
the winter is universally recognized as a most potent factor in pre- 
venting winterkilling. Lyon et al. (35) quote figures collected by 
Boussingault which show a difference in temperature of from 1.5° C. 
to 8.5° C. due fo the snow covering. The writer, (97 joaecnc a 
maximum difference of 26° F. (14.5° C.) at a depth of 1 inch in 
the bottoms of furrows and on the surface, most of the difference 
being due to the snow. 

Bouyoucos (7) compared a bare soil and one covered with vegeta- 
tion and snow. Observation for four years showed that in excep- 
tionally cold weather the temperature of the protected soil may be 
25° F. (14° C.) higher than the bare soil at a depth of-samemessesi1e 
concluded that a cover of vegetation is one of the most efficient and 
expedient means of protecting the soil from low temperature during 
the winter. He attributed the effect to (1)-arresting cold air cur- 
rents which come in contact with the bare soil and (2) to air spaces 
formed by the vegetation, which are poor conductors of heat. 

Delwiche and Moore (13) found that a cover crop in an orchard 
decreased the depth of freezing at least one half. 

Carleton (10) claims that tillering bears an important relation to 
cold resistance because the larger number of culms per unit area 
permit only a minimum exposure of each to the weather. 

On the other hand, in certain rate-of-seeding tests a larger per- 
centage of plants survived with thin than with thick seeding. The 
writer (60), for example, found in tests conducted for the- WS 
Dept. of Agriculture at Newell, S. Dak., that winter wheat sown at 
rates of 2 and 4 pecks per acre survived with a perfect stand, while 
4.3 percent of the plants were killed when the rate of seeding was 
6 pecks and 19.4 percent were killed when the rate of seeding was 8 
pecks per acre. Again, in experiments at the Kansas station (61) in 
which wheat was sown in furrows at the rates of 4, 6, 8 and 10 pecks 
per acre, the winterkilling increased with the rate of seeding. The 
percentage survival was 75.4 for seeding 10 pecks per acre, 91.0 for 
8 pecks, 91.3 for 6 pecks, and 92.8 for 4 pecks per acre. Hume et al. 
(29) report a fair survival of winter wheat at Eureka, S. Dak., when 
2 and 3 pecks per acre were sown, while that sown 4 and 5 pecks per 
acre was entirely killed. 

Oskamp (50) recorded the temperature at a depth of 9 inches of 
three plots differently treated. The first was cultivated during the 
summer and sown to rye in the fall for a cover crop. The second 
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and third were left in sod, the grass being cut and allowed to lie. 
The third plot was mulched with straw at the rate of about 15 tons 
per acre. He concluded “that a system of clean cultivation with a 
winter cover crop is characterized by extreme diurnal fluctuations in 
temperature; that a straw mulch equalized these fluctuations to a 
marked extent, as does also a grass crop, though in a less degree.” 

Wright (79) conducted experiments at Purdue University in which 
the effect of a 2-inch covering of straw, a layer of straw beneath the 
surface, and of manure applied as a top dressing or incorporated with 
the soil before seeding was studied. The straw, whether applied as 
a surface mulch or beneath the surface, proved decidedly injurious, 
but the manure applied either as a mulch or mixed with the soil was 
beneficial. The wheat was sown late and winterkilling was very 
severe. 

Green and Ballou (22) found a marked contrast in the extent of 
injury to orchard trees on bare and covered soils. The bare soils 
froze deeper and the injury was much greater than on soil covered 
with a mulch or other material. In an experiment a plot on which 
the sod was removed froze to a depth of 18 inches while a plot with 
a thin sod covering of grass and weeds froze to a depth of about 
8 inches only. 

Hume et al. (29) found that 3 tons of straw per acre spread 
on winter wheat as a mulch late in November prevented winter 
injury, while that not mulched was entirely killed. 

Babcock (4) sowed rows of wheat at the Williston, N. Dak., sta- 
tion in standing corn, on bare ground, and in grain stubble, a part 
of the rows being covered lightly with straw. Whenever the grain 
was protected in any way by a covering of snow or straw the winter- 
killing was very slight or none at all. Wherever the rows remained 
without covering most or all of the plants were killed. 

Bouyoucos (7) compared the temperature of a bare soil and one 
covered with straw. At a depth of 7 inches the former froze De- 
cember 11 and the latter February 14. At times the temperature of 
the covered plot was as much as 10°'F. warmer than the bare plot. 

Hickman (27) compared the effect of a light straw mulch not more 
than half covering the ground, a medium mulch which covered the 
ground, and a heavy mulch from 2 to 2% inches thick. The effect 
on winterkilling was not recorded, but the heavy and medium mulches 
reduced the yields considerably. It is stated that the light mulch 
may have been of some value. | 

Plumb mulched two wheat plots in January, spreading the straw 
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about 3 inches deep in the loose condition. Two unmulched plots 
similarly treated in other respects produced about a bushel more 
grain than the mulched plots. The effect on winterkilling is not 
recorded. 

Mulching with 2 inches of straw failed to prevent winterkilling 
of wheat at the Indian Head, Manitoba, Experimental Farm in 1890. 
The only difference observed was that the mulched portions of the 
field remained green a few days longer than the others. , 

Clark (12) reported an average survival of 33 percent for several 
varieties of winter wheat at the Dickinson, N. Dak., substation, when 
sown on corn ground with the stalks left standing as compared with 
a survival of 19 percent when sown on fallow. The average yields 
were 13.5 bushels for the corn ground and 4.7 bushels for the fallow. 
The difference was attributed to the standing stalks catching the 
snow and protecting the plants during the winter. 

Hume et al. (29) secured a yield of 28.7 bushels of winter wheat 
sown on corn ground as compared with 19.2 bushels when sown after 
oats. Winter rye after corn produced 41.9 bushels per acre as com- 
pared with 26 bushels after rye. 

In another experiment wheat sown in “narrow troughs with a 
double disk drill” came through a severe winter in good condition 
while the wheat on another field harrowed quite level after seeding 
was entirely killed. Additional data regarding the protection afforded 
by seeding in furrows is fully discussed by the writer in another 
paper (56). 

Neveroff (48) reported the effect of rolling a field covered with 
snow and then plowing so as to leave the snow in ridges to catch 
more snow. He found that the compacted snow melted slower in 
the spring and so prevented the crop from starting so early and 
being injured by following cold weather. The highest gain for this 
treatment in eleven years with winter rye was 1,060 pounds per acre 
and the least gain 84 pounds per acre. The treatment was also 
found to increase the yield of oats grown after the rye. In another 
experiment plowing the snow without rolling increased the yield of 
clover from 320 to 520 pounds per acre and alfalfa from 315 to 
915 pounds per acre. 

The author has pointed out in another paper (59) the surprising 
fact that in North America winter wheat does not appear to be able 
to survive lower winter temperatures in areas of heavy snowfall 
than in those where the snowfall is normally light, the difference if 
any being in favor of the latter locations. Smith (69), in a study 
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of the relation of meterological factors to the production of winter 
wheat in Ohio, found on the average no benefit from a snow covering 
or damage from lack of it.. A snowfall in January appeared to be 
favorable but a snowfall in March was decidedly detrimental. These 
conclusions are so opposed to common belief that a brief discussion 
seems called for. As pointed out in the article referred to above the 


failure of snow to protect is probably in part due to saturating the 


soil with water in the spring and so causing more damage from heav- 
ing. It may also be explained in part by the fact that a wet soil 
when frozen is often colder than a dry soil, as shown in another 
part of this paper. A snow early in the winter would also be more 
effective than later since in the former case it would aid in holding 
the heat still present in the soil while later in the winter most of the 
heat would have been lost. 


er. KIND OF SOIL AND MOISTURE CONTENT. 


The kind of soil and its moisture content undoubtedly have an im- 
portant relation to winter injury. Hunt (30), for example, says that 
the loamy soils of the corn belt which are usually friable and well 
supplied with organic matter are not so well adapted to wheat as the 
clay upland soils, because on the former wheat is likely to winterkill 
in unfavorable seasons. Montgomery (44) says that all heavy soils 
in humid regions heave, due to alternate thawing and freezing. 
Carleton (9) states that the black waxy soil of north central Texas 
is so stiff and heavy that it cracks and heaves badly in the spring, 
thereby exposing the wheat roots to the weather. Bouyoucos (7) 
found that a peat soil thawed 8 to 10 days later in the spring than 
others, due to the large quantity of water it contained. 

Petit, according to Patten (52), found that the passage of frost 
into the ground is fastest for quartz sand, slower for clay, and slowest 
for humus (peat). “For continued frost the soil temperature sinks 
after freezing faster and deeper, the lower the moisture content of 
the soil, and conversely for thawing of the soil.” 

The author (57), in experiments conducted at the Kansas station. 
found that the temperature of wet clay and loam fluctuated less and 
the daily minimum temperatures were higher than for dry soil of the 
same kind until both were frozen. After they were frozen, how- 
ever, the fluctuation in temperature was usually greater and the 
minimum temperatures lower in the wet soil. The temperature of 
sand fluctuated more than dry clay or clay loam and as a result was 
the coldest as measured by the daily minimum temperature. A dry 
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sand was found to be colder than wet sand whether frozen or un- 
frozen. The winterkilling of grains sown on these soils followed 
very closely the average daily minimum temperatures. 


HABIT OF GROWTH OF PLANTS. 


The relation of habit of growth to winter hardiness has been dis- 
cussed, as far as its relation to physiological drought is concerned. 
But it 1s quite likely that plants with prostrate leaves are subjected to 
less extreme temperatures than those which are upright and fully 
exposed to the air. ‘This especially is true when the ground is covered 
with a light snow or where there is a heavy vegetative growth. The 
greater resistance to cold of Turkey and similar types of wheat as 
compared with soft varieties may be due partly to this fact. 


MOISTURE CONTENT OF TISSUE. 


The moisture content of the plant tissue is among the most im- 
portant of the internal factors which influence winter hardiness. 
Sinz (68) concluded from experiments conducted at Goettingen that 
different varieties of wheat show a graduation in the amount of dry 
matter which is in direct relation to their resistance to low 
temperature. 

Shutt (67) determined the moisture content of twigs of fruit trees 
at Ottawa, Canada. He concluded that the data gives “direct and 
definite proof that there is a distinct relationship between the moisture 
content of the twig and its power to resist the action of frost, and 
that those trees whose new growth contain the largest percentage of 
water as winter approaches are in all probability the most tender.” 

Schaffnit (63) notes that resistance to cold of some varieties of 
wheat seems to show a relation to the water content, an increase 
rendering the plant more sensitive to outside influences. Detmer 
(15) noted that wheat loses its vitality when frozen apparently in 
proportion to its moisture content. 

La Tourette (33) in experiments conducted under the direction 
of the writer found a direct relation between the moisture content 
of ungerminated wheat and resistance to low temperature. In nearly 
all cases the grain containing the most water suffered the greatest 
injury. 

Wiggans (76) soaked seeds of various kinds in water for three 
hours. Each kind was then divided into three lots, one of which 
was germinated immediately, another frozen for twenty-four hours 
at a few degrees below o° C. and germinated, and the third lot 


—_—— a 


ee ei 


SALMON: WHY CEREALS WINTERKILL. 373 


frozen with the second, treated with ether and germinated. The 
freezing reduced the germination markedly in all cases but the injury 
was less when followed by etherization. The average germination 
of the seeds which were soaked but not frozen was 60 percent, of 
those that were frozen but not etherized 24.6 percent, and of those 
which were frozen and then treated with ether 28.6 percent. 

Chandler (11) found but little difference in moisture content of 
unfrozen cortex in seasons when it is very tender and in seasons 
when it is very hardy. De Candolle (14) and Picet (53) subjected dry 
seeds to a temperature of — 80° without injury, while seeds swollen 
in water were killed at a much higher temperature. Adams (2) 
found that seeds containing less than 12 percent of water were unin- 
jured when exposed to the temperature of liquid air, but those seeds 
which were moist when frozen were practically all killed. 

Becquerel (6) exposed seeds of castor beans, pine, squash, buck- 
wheat, corn, wheat, oats, beans, lupines, peas, vetches, alfalfa, and 
radish to the temperature of liquid air (— 185 to —192° C.) for 130 
hours. It was found that the ability to withstand the low tempera- 
ture depended on the amount of water and gas present. In the 
case of moist seeds cold disorganized the protoplasm and nucleus, 
making germination impossible. But if the protoplasm has reached 
its maximum concentration by drying and at the same time its 
minimum activity the low temperature was not injurious. 


DORMANCY. 


A condition closely related to moisture content of the tissue and 
probably not less important in its relation to winterkilling is 
dormancy. 

‘Chandler (11) found that the most important feature affecting 
hardiness of fruit trees is maturity of the tissue. He states that in 
the peach-growing districts of southern Missouri and in Arkansas 
the most important factor that detefmines the loss from low tempera- 
ture is warm periods during the winter which start the buds into 
growth. It is said that killing of peach buds in Connecticut, New 
Hampshire, and the peach regions of Canada generally occurs when a 
cold period follows a thaw. 

Selby (66) attributed the injury to orchard trees and shrubbery 
in Ohio in 1906-7 largely to high rainfall and temperature during 
the preceding fall, which induced late growth and high moisture 
content of the tissue. Allen (3) found that those varieties of apple 
trees which mature their wood early were the most hardy. 

Thayer (70), as a result of observations on winterkilling of peach 
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buds, found that winter hardiness consists in resistance to the effects 
of warm periods during the winter rather than resistance to low 
temperatures. It is observed that the relative hardiness of varieties 
for a winter continuously cold may be extremely different than for 
a more favorable season. 

The effect of sudden freezes following a warm period is not un- 
known among cereal growers. Georgeson et al. (19) note, for ex- 
ample, that in 1894 the wheat crop at Manhattan, Kans., and else- 
where in the state was almost a failure because of a week of cold 
weather the latter part of March following a period of unusual mild- 
ness. The interesting fact is noted that Turkey wheat survived 
better than others because it was somewhat later in starting growth. 

Nelson (46) attributed the severe injury to winter oats at the 
Arkansas station in 1910-11 to a sudden drop in temperature follow- 
ing a period of good growing weather. 

La Tourette (33) found in experiments previously noted that un- 
germinated wheat was injured much more by freezing if it had been 
soaked in warm water than if it had been soaked in cold water 
previous to freezing. Fleming and the writer (61) froze plants of 
winter wheat, winter oats, winter rye, and winter emmer at a tem- 
perature of —4 to —5° C,, the plants having been grown in the 
greenhouse. Three separate experiments were performed. In gen- 
eral those grains known to be hardy when grown in the field were 
injured practically the same as the least hardy. 


AGE OF TISSUE. 


Chandler (11) found no constant relation between maturity of 
tissue and resistance to cold. Young leaves of fruit trees were found 
to kill at a higher temperature than old leaves. He also found no 
relation between rate of growth and resistance to low temperature, 
but exposure to low temperature previous to freezing increased the 
resistance. : : ‘ 

Observations on peach buds by Thayer (70) seemed to show that 
buds on young trees are more apt to be injured than on mature trees. 
The well known fact that late-sown fall grains are much less likely 
to survive than those sown at the proper time is probably due mainly 
to the more tender tissue of the young plants. 


CONCENTRATION OF SAP. 
Ohlweiler (51) extracted the sap of a number of trees and shrubs 


and determined the freezing point. From the data collected and 
observations on the injury sustained from a late spring frost he 
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arrived at the following conclusions. (1) That extreme differences 
in sap density in general are accompanied by a corresponding differ- 
ence in resistance to freezing. (2) That exceptions to this general 
rule are probably due to differences in cell structure and other causes 
such as protective locations, etc. (3) That when the cell structure 
is the same the densities of the cell sap indicates the relative hardi- 
ness. (4) That in plants of the same genus or in varieties of the 
Same species differences in sap density correspond to differences in 
their resistance to freezing. 

Harris and Popenoe (26) state that sap extracted from the West 
Indian type of Persea americana froze at a higher temperature than 
that of the Mexican and Guatemalan types, and that horticultural 
experience shows the former to have the least capacity to withstand 
low temperatures. The authors conclude, however, that the cryo- 
scopic constants of the sap does not always determine the degree of 
hardiness. 

Chandler (11) found from extensive experiments with various 
plants that increasing the sap density of easily killed tissue by ab- 
sorption of glycerin, sugars, and mineral salts reduced the injury from 
freezing. 3 

Wright (79) concluded from experiments with the leaves of wheat 
that the sap froze much more readily when extracted than when con- 
tained in the leaves and that the power to resist freezing is increased 
by exposure to low temperatures. 

Fleming and the writer (61) found that if plants of wheat grown 
in the greenhouse were frozen when turgid they were killed at a 
temperature only a few degrees below zero, but if they were allowed 
to become wilted before freezing they were injured very slightly or 
not at all. Comparisons of the freezing point of the extracted sap of 
different kinds of winter grains failed to indicate any significant rela- 
tion to winter resistance. 


STRUCTURE OF TISSUE. 


Wiegand (74) studied the formation of ice in cell tissue under 
the microscope and determined the size of the cells and the moisture 
content of the tissue. Of twenty-seven trees examined there were 
only eight in which no ice was found in the buds at —18° C. In 
four of the eight, minute ice crystals were found at —26.5° C. A 
comparison of seven of those in which ice was formed at — 18° C., 
and of seven in which no ice was found at that temperature showed 
the latter to contain much less water and to have thicker cell walls 
and slightly smaller cells. 
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Beach and Allen (5) found a correlation between the density of the 
wood of apple trees and hardiness, but exceptions were found. The 
hardier varieties were found to evaporate water less rapidly than the 
less hardy sorts and hence were better able during cold weather to 
maintain a balance between absorption and transpiration. This dif- 
ference was thought, however, more likely to be due to a greater 
concentration of the sap than to a difference in structure of the 
wood. 

MacFarlane (38) observes that “all thermo-resistant plant struc- 
tures are said to have a rich and relatively dense protoplasm or a 
stored mass of reserve material in the cells that contribute to their 
thermo-resistant qualities. These qualities are aided by the occur- 
rence of mucilaginous walls or cell contents, thick, arid pigmented 
cellulose or cuticularized walls.” 


CONCLUSIONS. 


Conclusions regarding the causes of winterkilling of cereal crops 
at this time would be decidedly premature. There can be scarcely 
any doubt that death occurs as a result of heaving of the soil, 
smothering, and direct effect of low temperature on the protoplasm. 
No doubt physiological drought causes injury and differences in 
resistance of certain cereals may perhaps be explained by their ability 
to absorb a larger quantity of water from the soil in proportion to 
the amount transpired. 

The duration and intensity of cold, rate of freezing, and in certain 
cases the rate of thawing and protection afforded by mulches, snow, 
and uneven surface of the gound are important factors. The mois- 
ture content of the tissue and its condition with respect to dormancy 
often have a determining influence. 

The following outline indicates the probable relation of the dif- 
ferent factors. 


| Heaving i. 

Smothering Desiccation 

Causes of winterkilling Chemical effect of 
Direct effect of low temperature cold _ 
Physiological drought Metabolism at low 
Duration and intensity of cold temperature 


Rate of freezing 
Rate of thawing 
Protection 
Kind of soil and moisture con- 

Conditions which modify tent of soil 

the degree of injury... ) Habit of growth of plants 

Moisture content of tissue 
Dormancy 
Age of plants 
Concentration of sap 
Structure of tissue 
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AN ANNUAL VARIETY OF MELILOTUS ALBA.1 


Hy S2- Com 


In the winter of 1916 a quantity of Melilotus alba seed which had 


been grown in Hale County, Ala., the previous summer was purchased 
for experimental purposes. This, together with seed which had been 
grown in Mississippi, Kentucky, Kansas, Montana, Wyoming, South 
Dakota, and North Dakota, was sown in adjacent plats at Redfield, 


1 Contribution from the Office of Forage-Crop Investigations, Bureau of 


Plant Industry, U. S. Department of Agriculture, Washington, D. C. Received 
for publication October 22, 1917. 
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S. Dak., on April 15, 1916, and at Fargo, N. Dak., on May 27, 1916. 
No nurse crop was used at either place. 

At Redfield, approximately 5 percent of the plants on the plat 
sown with Alabama seed flowered abundantly and matured seed in 
September, 1916. The remainder of the plants on this plat, as well 
as all the plants on the other seven plats, made a typical first year’s 
growth for Melilotus alba. During the first year typical Melilotus 
alba plants produce an upright, leafy, branching growth but no 
flowers. The taproot becomes much enlarged at the crown and in 
late summer or early autumn a varying number of buds form at the 
crown and serve to produce the first growth the following season. 
The plants which flowered grew to a height of 3.5 to 4 feet, whereas 
those which did not bloom made an average growth of 2 to 2.5 feet. 

At Fargo, the same as at Redfield, approximately 5 percent of 
the plants on the plat sown with Alabama seed flowered abundantly. 
By August 21 the plants on all of the plats had made a 36-inch 
growth and were cut for hay, leaving an 11-inch stubble. From that 
time until October 4 the annual plants made a second growth of 18 
to 24 inches, whereas the biennial plants made no more than a 6-inch 
growth. The second crop of the annual plants bloomed profusely 
but the pods did not mature on account of frost. All plants in the 
other seven plats made a typical first year’s growth for Melilotus alba. 

A careful examination of the plants which flowered at both sta- 
tions showed that in most respects their botanical characters were in- 
distinguishable from those of a second year’s growth of Melilotus 
alba. ‘The leaves of the plants which flowered the first year under 
field conditions, as well as the leaves of the plants grown in the green- 
house the following winter from the seed of these plants, were as a 
whole more oblanceolate and more distinctly serrated than the leaves 
of the second year’s growth of the typical Melilotus alba plant. 
There was no difference in the venation of the seed pods, a char- 
acter which is used often to distinguish the different species of Meli- 
lotus. However, the most striking difference between the plants 
which flowered the year of seeding and those which did not flower 
until the summer of 1917 was in the type of root produced. Without 
a single exception the plants which bloomed the first year at both 
Redfield and Fargo produced typical annual taproots with no en- 
largements at the crowns and with no crown buds. None of these 
plants lived through the winter of 1916-17, whereas only a small 
percentage of the normal plants of Melilotus alba winterkilled. 

Seed was collected from a number of the annual plants at Redfield 
in October, 1916. On January 27, 1917, 275 seeds were sown in in- 
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dividual pots in the Department’s greenhouse. Plants were produced 
in 255 pots and by May 25 they had made a growth of 4.5 to 5.5 feet 
and were in bloom. Examination of the roots of these plants showed 
that they were typical annual taproots and that the root growth com- 
pared favorably with that made by the parent plants under field con- 
ditions. An attempt has been made at different times to have typical 
Melilotus alba bloom directly from seed in the greenhouse but the only 
flowers that have been obtained thus far have been produced from 
branches from crown buds after the plants had been permitted to 
pass through a resting stage. Under field conditions the only flowers 
which have been obtained on the first year’s growth of Melilotus alba 
were on plants which were started in the greenhouse early in Feb- 
ruary, 1916, and which were transplanted to the nursery at Arlington 
Farm in April. Three of these plants out of a total of 100 produced 
several racemes apiece in October, but they also produced an abun- 
dance of crown buds and lived through the winter. 

It is very possible that the white-flowered annual variety may be 
found in more localities of the South than the one mentioned, as sev- 
eral letters and specimens were received the past year from persons 
who had purchased southern Melilotus alba seed and who stated that 
some of the plants bloomed the year the seed was sown. 

It is probable that this plant will be of considerable economic value 
in the southern portion of the Gulf States as a winter legume and in 
the central and northern portions of the country as a summer hay crop 
and for green manure. The acreage of Melilotus alba seeded on 
winter grain or with spring grain to be turned under in the autumn 
for green manure or cut for hay is rapidly increasing. The most 
serious objection to this practice is the difficulty of completely eradi- 
cating the plant by fall plowing. In addition to making more growth 
after harvest than spring sowings of the biennial variety, no trouble 
will be experienced in eradication when the annual variety is used. 

In view of these facts it is believed that this plant is worthy of 
botanical designation. Specimens have been placed in the herbarium 
of the New York Botanic Garden, the National Herbarium, and the 
Asa Gray Herbarium. The following is a description of the plant: 


Melilotus alba Desr. var. annua n. var. (Annual White Sweet Clover).— 


Erect or ascending, branching, glabrous or young branches and leaves slightly 
pubescent; leaves petioled, leaflets mostly oblanceolate, some narrowly ovate to’ 


oblong, serrated, obtuse to truncate; corolla white, 4 to 5 mm. long, the stand- 
ard longer than the other petals; racemes numerous, slender, 4 to 15 cm. long; 
pods reticulate, 3 to 4 mm. long; root becoming 15 to 30 inches in length and 
enlarged very slightly if at all at the crown. Crown buds are not formed. 
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AGRONOMIC AFFAIRS. 


MEMBERSHIP CHANGES. 


The membership reported in the last number was 653. The deaths 
of two members have been reported since that time, and two new 
ones have been added, so that there is no change in the total mem- 
bership. The names and addresses of the new members, the names 
of the deceased members, and such changes of address as have been 
reported to the Secretary follow. 


New MEMBERS. 


Jacosps; DANIEL C., 112 W. Fairmont Ave., State College, Pa. 
Lunn, Vicco, Farm Crops Dept., Iowa State College, Ames, Iowa. 


MEMBERS DECEASED. 
LoucHrincE, R. H. 
SCHULZ, ARTHUR W. 
CHANGES OF ADDRESS. 
BarLey, C. H., University Farm, St. Paul, Minn. 
Derr, H. B., Agricultural Advisor, Fairfax, Va. 
Kemp, W. B., Sparks, Md. 
ParKeER, JoHN H., Experiment Station, Manhattan, Kans. 
Petry, Epwarp J., 115 University St., West La Fayette, Ind. . 
SCHOONOVER, WARREN R., c-o A. R. Gawthrop, R. R. 1, Milford, Ind. 
SHoESMITH, V. M., The Jennings Farms, Bailey, Mich. 
Towtez, R. S., Northern Great Plains Field Sta., Mandan, N. Dak. 
Watster, H. L., 5616 Kenwood Ave., Chicago, Il. 
Waitine, Arsert L., 705 Gregory St., Urbana, III. 
Wiccans, Roy G., Farm Crops Dept., Cornell University, Ithaca, N. Y. 
Woops, ALBErT F., Maryland State College, College Park, Md. 


NOTES AND NEWS. 


The item regarding W. A. Albrecht in the October JouRNAL 
was in error. Mr. Albrecht still retains his position in the soils de- 
partment of the University of Missouri. 


R. H. Loughridge, a charter member of this Society and professor 
of agricultural chemistry in the University of California from 1891 to 
Ig09, since which time he has been professor emeritus, died at the 
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home of his brother at Waco, Texas, on July 1. Professor Lough- 
ridge was born at Koweta, near Muscogee, in what was then Indian 
Territory, on October 9, 1843, graduated from the University of Mis- 
sissippi in 1871, and received the degree of Ph.D. from that institu- 
tion in 1876. He held various positions in geological and chemical 
work in the South from 1871 to 1891, when he was called to the 
University of California by his former teacher and colleague, Prof. 
Kk. W. Hilgard. Professor Loughridge’s work in California was 
mostly along the line of soil physics and soil chemistry, particularly 
studies of the arid and alkali soils of California. 


Rk. A. Gortner, associate professor of agricultural biochemistry in 
the Minnesota college, has been made professor and chief of the 
division of agricultural chemistry in the college and station, succeeding 
R. W. Thatcher. 


John H. Parker, for the past several years assistant in the office of 
cereal investigations, U. S. Department of Agriculture, since Novem- 
ber 1 has been assistant in cereal breeding at the Kansas college and 
station. 


Warren R. Schoonover, instructor in soil biology in the University 
of Illinois, has enlisted in the gas defense service of the sanitary 
corps, U. S. Army. He will probably be connected with Overseas 
Repair Section No. 1. 7 


Arthur W. Schulz, scientific assistant in dry-land agriculture at the 
Northern Great Plains Field Station, Mandan, N. Dak., was killed by 
a train at his former home in Kansas early in August. 


R. W. Thatcher, for the past several years professor of agricul- 
tural biochemistry in the Minnesota college and vice-director of the 
station, has been elected director and dean of the department of agri- 
culture in the same institution, succeeding A. F. Woods. E. M. Free- 
man, professor of botany and vice-dean, has been elected dean of the 
college of agriculture. ; 


H. L. Walster, assistant professor of soils in the Wisconsin college 
and station, is on leave of absence and is pursuing graduate study in 
the department of botany of the University of Chicago. 


_H. J. Waters, president of the Kansas State Agriculture College 
for the past eight years, has accepted the managing editorship of the 
Kansas City Weekly Star, the weekly agricultural edition of the well- 
known daily of the same name. 
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THE AGRONOMIST OF THE FUTURE. 
W. M. JarDINe. 


(Presidential Address before the American Society of Agronomy, November 
12, 1917.) 


It is a privilege which I esteem highly to stand today in the pres- 
ence of the assembled representatives of two institutions, the Society 
for the Promotion of Agricultural Science and the American Society 
of Agronomy. For the American Society of Agronomy, which I 
have the honor to represent, it is the tenth annual meeting. The little 
group of earnest men who met in Chicago ten years ago to organize 
this society doubtless had visions of the increased service which 
agronomists might render by such a union of forces. I very much 
doubt, however, whether their imaginations visualized, even as a pos- 
sibility, the nation plunged into a world war in the short space of one 
decade or the service we are now called upon to give. 

Since that fatal 4th of August, 1914, all agencies, Federal, State, 
and private, collective and individual, have been called upon to face a 
great problem. Men must be fed and clothed before they can fight. 
A continuous stream of foodstuffs must be kept moving from this 
country and Canada to our allies and the allied armies at a time when 
not only is the world’s available food supply low, but the stores of 
wheat in Russia, India, and Argentina are inaccessible. Especially 
heavy, therefore, is the responsibility resting upon American agri- 
culture. Its problem is not merely one of planting greater acreages 
of food crops, but of increasing the output with a reduced force of 
workmen. With the outbreak of war in 1914, the period of abundant 
_ labor came to an end. Great war contracts were awarded our manu- 
facturers and available labor was rapidly drawn to industrial centers 
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by the lure of high wages. Canada immediately began sending her 
ablest bodied men across the ocean—33,000 of them within six weeks 
after war was declared and between 350,000 and 400,000 men by 
April, 1917. Canadian authorities were forced into aggressive action 
to secure men to keep their industries in operation and many men 
crossed over from the States to fill the ranks of workers in Canada. 
Upon our entry into the war, the government had need of the 
immediate services of every industry, every organization, and every 
individual, and the response came promptly and loyally from every 
quarter. Agronomists at once evinced an all-pervading desire to 
bring to the immediate assistance of the country every ounce of their 
strength which might be put to practical use. They frequently proved 
to be the logical men to form “ways and means” committees for 
devising plans whereby the maximum production could be secured 
from every man, every horse, every machine, and every acre of 
ground, quickly, and at the same time jeopardize in no way the per- 
manence of agriculture. Campaigns for increased crop acreages were 
initiated and carried to successful completion. Seed stocks were in- 
ventoried and made available for those in need. Information on 
every conceivable point relating to agriculture was given to the public 
through correspondence, public addresses, and the press. This suc- 


cessful participation of agronomists in emergency work is a splendid © 


tribute to their usefulness. It will be continued with increasing vigor. 

In our preoccupation in the present great emergency, however, we 
must not forget the future. During the present crisis and after it has 
passed there are two fundamental ideals which agronomists must 
keep before them. The first is to render such service as will warrant 
the increasing confidence of farmers. The second is to secure so 
thorough a training as to be able to understand and appreciate the 
relationship between the fundamental sciences and agronomy, and to 
make original contributions to the science of agriculture. 

While agronomists have demonstrated their grasp of practical 
affairs in the present crisis, the fact that they have not always been 
taken into the wholehearted confidence of farmers must be recognized. 
College men are still regarded as theorists by a great many farmers. 
It is a mistake to blame this attitude entirely on the farmer. There 
is no doubt that impractical methods have sometimes been advo- 
cated. We have at times dispensed unsound information and every 
foolish statement has offset ten true ones. The true statements are 
accepted by farmers as a, matter of course, while the faulty one is too 
often remembered and regarded as an index to the practical intel- 
ligence of the college man. 
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We need not look far for conspicuous examples of such unsound 
advice and impractical methods. For years we have advocated the 
improvement of small grains by mass selection. Until less than five 
years ago there was perhaps no piece of advice so commonly given 
out. Yet it is doubtful if this method is actually followed by one 
tenth of 1 percent of the farmers of the United States, simply be- 
cause it is impractical, if it is not altogether unsound. What folly 
to advise the farmer who has 500 acres of wheat to harvest, and 
who is employing from eight to ten men and twice as many horses, to 
select enough of the best heads to thrash a bushel of grain! This is 
a process requiring at least a week’s time in the very busiest and most 
critical season of the year. Furthermore, unless he had given the 
matter special attention, it is altogether likely that he would secure a 
poorer rather than a better grade of grain, since he would naturally 
select the largest and best appearing heads, which would result in 
many instances in a later maturing strain and one inferior both in 
yield and in quality. 

The ear-row test of corn is another example. This method of im- 
provement has been generally advocated, at least until the last few 
years, but farmers are not using it because it will not stand the test 
of practical application and will not fit into the system of farming 
used by farmers. It is a satisfactory system for the man who 
specializes on corn growing or who grows corn for seed, but not for 
the ordinary farmer. 

Then, there is the soil mulch. We have advocated this practice 
strongly and it has been widely accepted and adopted by farmers. 
Now we are not so sure that the soil mulch really conserves moisture 
by preventing evaporation or that it aids in nitrate formation. Its 
value may come mainly from the destruction of weeds. If we must 
admit there is not so much to the soil mulch as we formerly thought, 
it will tend to shake the farmers’ confidence in us, as well as in the 
mulch. 

How does it come that we find ourselves in the position of having 
made assertions which we are under the necessity of retracting? The 
answer in the first .two cases mentioned—the improvement of small 
grains by mass selection and the ear-row test of corn—is undoubtedly 
the lack of a thoroughly practical attitude toward the farmers’ prob- 
lems. The last case, that of the soil mulch, probably arose largely 
from the lack of that fundamental, scientific training which will not 
allow a problem to be dropped until the why as well as the how has 
been discovered. The agronomist is not alone in having given out 
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faulty information. Chemists, physicists, and other scientific work- 
ers have made similar errors, but this does not excuse the agronomist. 

In common with other agricultural workers the agronomist holds a 
somewhat anomalous position. He is more or less of a middleman 
between the man of pure science and the man on the farm. He must 
be scientific enough to understand the principles evolved by the 
pathologist, the biologist, and the chemist, and practical enough to 
apply these principles to the business of farming. 

A practical point of view is largely the result of boyhood training 
and an endowment of common sense. The colleges may develop a 
practical attitude but they cannot endow the constitutionally imprac- 
tical boy with common sense, brilliant though he may be. As the 
first requisite of a keen cutting edge is hard steel, so the first qualifica- 
tion of the future agronomist is going to be an abundant endowment 
of common sense. One cannot put a good edge on soft steel and we 
who are now directing the training of future agronomists should 
make it our first article of faith to advise a boy to go into teach- 
ing or research in agronomy only when he has shown ample evidence 
of his thorough-going practicality. In the last analysis, of course, 
practical information is that which is scientifically correct. I submit, 
however, that only the acid test of actual farm practice can prove any 
method, any strain of seed, or any mechanical device to be scientifically 
correct so far as the farm is concerned. I hasten to caution you who 
are finding in your experimental studies, new and promising varie- 
ties of crops, or new and promising methods of soil tillage—such, for 
example, as that of seeding wheat in furrows as a means of over- 
coming winterkilling and soil drifting—against preaching their gen- 
eral adoption until their usefulness has been thoroughly demonstrated 
on the farms by the farmers themselves. 

I suggested a moment ago that the reason why we might have to 
reverse ourselves in the matter of the soil mulch was that we had not 
followed the matter clear through and determined why the mulch gave 
certain results. There are other “ whys” that are being pressed per- 
sistently upon us. Last year we lost approximately 12,000,000 acres 
of wheat from winterkilling, the fundamental causes of which no one 
can explain satisfactorily. The effect of soil acidity on plant growth 
is a problem that awaits solution. We have no generally accepted 
method of detecting soil acidity or of determining the lime require- 
ment of soils. What is perhaps the most important problem in soil 
fertility is no nearer solution today than it was seventy-five years 
ago when Liebig advanced the theory that crop adaptation and ferti- 
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lizer requirements of the soil could be determined by chemical 
analysis. While investigators since Liebig’s time have corrected many 
of the errors which he made and have shown the importance of 
physical texture and the presence in the soil of organic matter in a 
state of decay, yet with respect to many of the soil problems con- 
fronting the farmer, they can only give general directions, concerning 
the “why” of which they have only vague knowledge. 

Turning from the soil to crops again, what do we know about why 
one strain of corn outyields another? Perhaps we have gone into the 
matter far enough to say that one strain is more resistant to smut, 
insects or drought than the other, but this only presses the matter 
one step further back and we are again met with an insistent “ why.” 
Possibly these are but manifestations of differing hereditary consti- 
tutions and these characteristics are directly dependent on definite 
genetic factors discoverable only by precise analysis. . 

These problems will not be solved by men just out of college, with 
only a bachelor’s degree. The main responsibility of agricultural 
colleges is, and will continue to be, the training of young men for 
rural leadership, as farmers and teachers, and for these our present 
four-year curriculum is admirably adapted. It provides sufficient 
electives to permit specialization in animal husbandry, or crops and 
soils, as the young men may choose, and, on the whole, fits young men 
to succeed in the practice of diversified farming or in general agri- 
cultural teaching. It does not, however, fit men to solve fundamental 
problems. | 

In the past, leading men in agriculture have not always been well 
trained. Because of native ability, practical experience, and the fact 
that the subject was imperfectly developed and had many pressing 
problems of a very elementary character, these men with limited 
training have achieved notable results. The problems of the future 
will be more difficult and the meager training of the past will not 
suffice. Perhaps two thirds of our present agronomists have no train- 
ing beyond that indicated by the bachelor’s degree. They labor under 
the handicap of continually being assigned problems for the solution 
of which they are not adequately prepared. 

With a practical attitude towards the farmer’s problems and a 
practical agricultural education as a foundation, the agronomist who 
is to achieve notable results in the future must undergo a thorough 
training in the sciences fundamental to agronomic problems. If crops 
are his particular interest he not only will need to have a solid ground 
work in the general sciences but also a specialization in plant breeding, 
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plant physiology, and plant pathology. If his interest turns towards 
soils he will need, in addition to fundamental knowledge, special 
training in chemistry, physics, and bacteriology. 

The responsibility for advanced training rests not alone upon the 
young men who are ambitious to become agronomists but upon us 
who are already in the field. We may well ask, What about the 
supply of young men who will constitute the agronomists of the 
future? To what extent will the war reduce the number of young 
men entering colleges for agricultural training? An inquiry made 
since the opening of the present school year reveals the fact that the 
present enrollment in 21 of the leading agricultural colleges of the 
country is 68 percent of what it was at this time last year. In these 
21 institutions 6,823 young men are enrolled for agricultural work as 
against 10,011 last year at this time. Many young men are at a loss 
to know whether they should continue their college work or enlist 
for military service. The organizations represented here today 
should take an active interest in this situation. As far as practicable, 
young men should be encouraged to continue scientific training in 
agriculture in order to be prepared to help solve the problems of the 
great period of reconstruction which must follow the end of the war. 
The American Society of Agronomy’must encourage its own mem- 
bers to pursue advanced study. To this end, it should encourage the 
policy on the part of educational institutions of permitting members 
of the teaching and research staff to spend time in study at other col- 
leges and universities on part salary. The time has come when the 
institution that does not extend this privilege to its members and 
stimulate their acceptance of the privilege will find itself in a state 
of retrogression. 

Never before has the opportunity for service been greater for 
agronomists. The opportunity to do constructive work in one of the 
most critical periods in the history of human progress is one to be 
considered gravely and with renewed courage and determination. 
The world’s difficulties will not all pass with the ending of the war. 
The making of “two blades of grass to grow where but one grew 
before ’” must be accomplished if a hungry world is to be fed at a cost 
small enough to allow a safe margin for the attainment of happiness. 
This is the agronomist’s problem. It is the agronomist’s opportunity. 


Ei 
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AGRONOMIC AFFAIRS. 


REPORT OF THE SECRETARY FOR 10917. 


This meeting marks the tenth anniversary of the founding of the American 
Society of Agronomy. While the actual organization was not effected until 
December 31, 1907, the plans were under discussion for several weeks previous 
and officially we are now closing our tenth year. Though conditions through 
the greater part of the year have been unusual and trying, the Society has con- 
tinued to increase in membership, while the interest in the JourNAL has been 
greater than ever. The war has had its effects on the Society as on everything 
else, in keeping down the number of new members and perhaps in the loss of a 
few old ones, though most of the losses will not be recorded until after the 
beginning of the next year. High prices have also entered into our affairs, 
preventing in part the increase in the size of the JouRNAL. 

The increased membership and the greater frequency of issue of the JoURNAL, 
together with the greater number of papers handled, has again increased the 
work of the Secretary and Editor. That official again recommends the separa- 
tion of the two offices, a recommendation which he will make in detail to the 
Executive Committee, as that body has the power to choose the editor. As in 
previous years, the Secretary wishes to acknowledge the hearty cooperation 
of the Executive Committee and of the Treasurer in particular, and to express 
his thanks to Misses Jane B. Taylor and Elizabeth C. Lambert for efficient 
service rendered. He also wishes to take this occasion to express his gratitude 
to the entire membership for the support they have given him through the 
three years of his incumbency, the demands of which he feels he can no longer 
meet with fairness to himself and to the Society. 


eens COLLECTED BY THE SECRETARY. 


The following is a classified list of funds which have been received by the 
Secretary, chiefly from dues of new members and from the sale of Proceedings - 
and JourNAL. All these have been transmitted to the Treasurer and have been 
included in his annual report. 


CLASSIFIED RECEIPTS AND DISBURSEMENTS, OCTOBER 28, IQ16-OCTOBER 31, 1917. 


Receipts. 
To dues collected (itemized list appended) : 
S iiew members for 1916... ............. at $2.00 $ 6.00 
ipoomew anempers fof IOI7.........5..65.. ate: 2,00 212.00 
Wenew nvembers for IQI7........6.05+-.. at 1.50% 6.00 
wOeal- members for 1910: .. e266... ee at 22350) 1.50 
Suieacabaembpers fOr 1017....-s.....+-+<- ater SO 12.00 $237.50 


@ Members of local sections who had previously paid dues of 50 cents each as 
local members. 
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To Proceedings and JouRNAL sold: 


14 copies, of “Volume Eocene eens at $1.00 $ 14.00 
3 copies of Volume) Perit eae ee at 1.802 5.40 
4 copies of Voltime ay. ae4 one yaaa at::200 8.00 
13 Copies.of Volume 2) ..2. 0 ae a eee at 1.00. 13.00 
2 COPIES Ok wy OLUITIe (2 4 oP he ena meer oe at “1.80? - 3.60 
A. Copies Ot Wolume 2.” cla gue ee at 2.00 8.00 
14 COpies “Or V ONE: 32. fe ee oe wee at 7200 14.00 
3 Copies Of Volume 3. 21.0. eteee eee at 1.802 5.40 
4 copies: of) Volume 3s. 222 eo eee ee at 22:00 8.00 
¥3' Copies of. Veluime (A) cue ernise ata eee at shoo. 13.00 
ZiCopies.ot, V oltme a yaa Oeics oe at 1.802 5.40 
i Coptes..of (VOMIT Avis ASF onemeidinen. oes ese ae at 2.00 8.00 
Td (copes (OF Volpine Ge) haan el eae at 1.00 11.00 
4 copies’ OF Volumes. §. ine ea os eee at 1.80? 7.20 
$ copies of Volume 45) cae eee at. 2°00 16.00 
LE copies: Of Wolume: ©... oxide id oes at 1.00 II.00 
4 Gopies.@t Iollime Gu. =, spksct esiontc ates at 1.80? 7.20 
S.COples.,Ok WOlumle: O.2.cto gh boutons et at 2.00 16.00 
£0,.copies, af Wolume: 7. oa. 44 0.c tice eee at 1.00 10.00 
3. COples “Of UV OluMme FZ. stn Gas Sees tee a at 1.80 5.40 
9 Gopres, OR Vielume 7.2 sce were SAS at 2.00 18.00 
O1COpies sO L MOH AME Go So hac) ga ave ein ee dt ao 9.00 
A eopies os Volume (6.0 sic ngs ares eres ase at 1.808 7.20 
S Copies sol YY OlNMEW Sb wok week sic, cheese sole At 22.00 16.00 
AA GADIOS -OF- V DUMME, Da ...nest cae) anes halon at awage 55.00 
EOrCaples-or Volume Qo. 0A! .. dieses at <1, 708 17.00 
21 -GOples< OF cV-OlUMTELO 02k eee) Medes ee at 1.80? 37.80 
SO: COPIES VON: MOlIMIE G., 4 5 .ccks Wools sarees at 2.00 112.00 
if <CODM not ON Ole: TO.) ars eer onions at 1.80? 1.80 
3 COPles OF ow OMIM “TO ei ena er cea Aree dt<2.00 6.00 
13 single numbers of Volume 5 to 9....... 4.40 $473.80 
To extra reprints sold: : 
From January-February, 1916, number ..... 2.00... 5.70 
From. March=April, 1916)! nmbefun <i..2. dre hee 13.53 
From May—june, 1616; number... 2. ac.ueneeeenies Saale 
From -jaly—August;, Fo1G; mamber . ccsunsa eee ee oe 1.78 
From September—October, 1916, number ............ 2.53 
From November—December, 1916, number .......... 1.93 
From: January; 3917, number 0 esas ee eens 1.18 
From Bebruary,. 1017; number 2. ory are eee ee 1.00 
Prom: March, 1017, aumber.23 1.4 argentine 3.02 
Hronr April 1917, number. 20 cae pees ue ie ee 17.80 
From. May 1017, aamaber? . losses sees oe Se ee TAI 
From QOcteber,-101%; number! 205 6. Ss oo eee ee 2.10 $ 67.09 
To sales of copper and zinc from old engravings ........ 1.98 


$780.37 


5 Sold through agents at 10 percent discount. 
¢ Sold to senior students in agronomy in accordance with decision of Execu- 
tive Committee. 4 Sold through foreign agents at I5 percent discount. 
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Disbursements. 


vanveem, 2017, by check to Treasurer Roberts........... $159.31 
Feb. 28, 1917, by check to Treasurer Roberts........... 307.76 
May 10, 1917, by check to Treasurer Roberts........... 110.60 
June 30, 1917, by check to Treasurer Roberts........... 72.36 
Oct. 31, 1917, by check to Treasurer Roberts........... 130.34 $780.37 
Balance on hand November 1, 1917 ...........00. $000.00 
2. MEETINGS. 


Only one meeting of the Society has been held this year, the present annual 
meeting. There have been 22 papers presented, 19 in separate sessions of this 
Society and 3 in a joint session with the Society for the Promotion of Agri- 
cultural Science. That the Society is fully alive to present-day problems and 
particularly problems which have to do with the food supply is shown by the 
unusual preponderance of papers having to do with some phase of wheat pro- 
duction. The average attendance at the sessions of this Society has been about 
00, while the attendance at the joint session was about 225. 


a- FOCAL SECTIONS. 


The Society now has 11 local sections, 2 new ones havin& been formed during 
the year, one at the University of Illinois and one at the North Carolina A. 
and M. College. The local sections of the Society are now located at Cornell 
University, Georgia State College, the University of Illinois, Iowa State Col- 
lege, Kansas State Agricultural College, Minnesota College of Agriculture, 
North Carolina A. and M. College, Ohio State University, South Dakota State 
College, in New England, and in Washington, D.C. These local sections report 
memberships ranging from I0 to about 65. Most of them hold several meet- 
ings a year, at which problems of local agronomic interest are discussed. The 
membership at several other institutions is sufficient for the formation of local 
sections, and it is hoped that the coming year will witness still further growth 
along this line. 

4. MEMBERSHIP. 


The increase in membership of the Society was not so great as in 1916, the 
banner year, but is greater than in any other year. The number of new mem- 
bers added was 118, 29 less than in 1916, but 11 more than in 1915 and 47 more 
than in any year previous to 1915.. The total number of members added since 
1908, when the Society had a membership of 121, is 707, making a gross mem- 
bership of 828. Of this number, 6 have died, 49 have resigned, and 121 have 
allowed their membership to lapse, a net loss of 176 and a present membership 
of 652. The unusually heavy loss by resignation during the year, 24 members, 
was due to a combination of causes, but perhaps more than anything else to 
the shifting of men into emergency agricultural demonstration or military 
work, 

In this connection, it is suggested that the Society make some provision for 
carrying those of its members engaged in military service on its rolls during 
the period of the war without cost to them. If these men return to agronomic 
work they should be allowed to renew their memberships without payment of 
arrearages and, if they desire, to purchase volumes published during their 
absence at the usual reduced price to members. 


394 JOURNAL OF THE AMERICAN SOCIETY OF AGRONOMY. 


No special campaign for members was made during the year, other than the 
sending out of sample copies and circular letters. The increase in membership 
is due to these, to the efforts of the individual members, and to the further 
growth of the local sections. A few members have been particularly diligent 
in adding to our rolls, and grateful acknowledgment is here made to them. In 
almost every agricultural college and experiment station in the United States 
and in Canada men are engaged in agronomic work who are not members of 
this Society, not to mention hundreds in private work. The membership of 
the Society should soon reach the thousand mark, but it will not reach that 
mark soon unless the individual members make special efforts to that end. 


CHANGED ADDRESSES. 


Of the 108 changes of address recorded in the JourNAt during 1917, 83 were 
due to change of position. This number is 13 percent of the total membership, 
as against TI percent of similar changes in each of the two years previous, 
showing rather more than the usual activity among agronomists. 


New MEMBERS. 


The total membership at the end of 1916 was 586. During 1917, 118 new 
members have joined the Society and 2 previously lapsed have been reinstated. 


During the same period 3 have died, 40 have lapsed (of whom 13 were later. 


reinstated), and 24 have resigned. The total loss during the year is 54 and 
the net gain 66, making a total membership of 652. A list of new members for 


1917 follows. The addresses of all new members will be found in the various 


issues of the JouRNAL during the year. 


reported for the first time in this issue. 


Agee, John H. 
Albert, A. R. 
Anderson, A. C. 
Andrews, Myron E. 
Baker, O.-E. 

Bell, N. Eric 
Bintord, “EH. FE. 
Booth. Vj. 
Brandon, Joseph F. 
Brewer, Herbert C. 
Briggs, Glen 
Brockson, W. I. 
Bryant, Roy 
Bugby, M. O. 
Clark, Geo. H. 
Clemmer, H. J. 
Cocke ik. (BP: 


Cramer, West) 
Criswell, Judson H. 
Curtis, Harty 2: 
Daane, Adrian 
Darst, We Hi: 
Davisson, Bert S. 
Deeter, E. B. 


New Members in 1917. 


de Werff, H. A. 
Dickson, R. E. 
Dougall, Robert 
Douglas, J. P. 
Downs, E. E. 
Finnell, H. Howard 
Fletcher, C. C. 
Fletcher, O. S. 
Fleming, Frank L. 
Foersterling, H. 
Frank, W. L. 
Freeman, Ray 
Furry, R. 1, 
Graham, E. E. 
Gray, Samuel D. 
Gray, W. F. 
Halverson, W. V. 
Hanson, Lewis P. 
Harlan, Harry \V. 
Haskell: B.S. 
Hill, C. Edwin 
Hill, Pope R. 
Hodgson, E. R. 
Hodson, Edgar A. 
Hoke, Roy 
Holland, B. B. 


Those marked with an asterisk are 


Hotchkiss, W. S. 
Huelskemper, E. H. 
Hulbert, Harold W. 
Hurst, J. B. 
Huston, H. A. 
Jackson, J. W. 
Jackson; (is: 
Jarrell S.a8, 
Jarvis, Orin W. 
jJosiyn, Beat. 
Kelly, E. O. G. 
Kemp, Arnold R. 
Kennedy, P. B. 
Kenworthy, Chester 
Killough, D. T. 
Kime, P> Hi 

Kratt jie 
Kuska, J. B. 
*Jacobs, Daniel C. 
Langenbeck, Karl 
Letteer; C..R: 
Lippitt, W. D. 
Longman, O. S. 
*Lund, Viggo 
Meftlvaine: -T.3C: 
McNess, Geo. T. 
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Mathews, Oscar R. Pate, W. F. Tillman, B. W. 
Metzger, J. E. Pittman, D. W. Torgerson, E. F. 
Miller, Frank R. Purington, James A. Trout, C. E. 
Milton, R. H. Ratliffe, Geo. T. True, Rodney H. 
Morison, A. T. Reed, Everett P. Van Evera, R. 
Mortimer, Geo. B. Riley, J. A. Van Nuis, C. S. 
Moynan, John C. Robertson, R. B. Ward, Wylie R. 
Mundell, J. E. Schuer, Henry W. Ware, J. O. 
Murphy, Henry Shinn, E. H. Wilkins, F. S. 
Murray, James Smith, J: B. Willard, C. J. 
Nevin, L. B. Smith, Howard C. Winters, N: E. 
Northrop, Robert S. Southworth, W. Woo, Moi Lee 
Osenbrug, Albert Spencer, E. L. 

Park, J; B. Taggart, J. G. 


DISTRIBUTION OF MEMBERSHIP. 


Of the 652 members of the Society, 609 are in the continental United States, 
6 in our island dependencies, 25 in Canada, and 12 in other countries. Of 
the 6 in our dependencies, 2 are in Porto Rico, 3 in Hawaii, and 1 in Guam. 
The 25 in Canada represent 7 Provinces, 2 in Alberta, 2 in British Columbia, 
5 in Manitoba, 1 in Nova Scotia, 7 in Ontario, 1 in Prince Edward Island, 
and 7 in Quebec. Of the 12 in other countries, 2 are in Cuba, 1 each in Costa 
Rica, Brazil, and Paraguay, 2 in South Africa, 2 in China, 2 in India, and I 
in Japan. | 

We have at least 2 members in every stat'e in the Union, and 5 or more in 
31 of the 48 states. The leading state in membership is Illinois, with 36. 
Kansas ranks second, with 33; then follow Texas, 31; Ohio, 29; New York, 
28; California, 22; Iowa, 21; and Indiana, 20. Of the states with less than 
20 and more than 10 members, North Dakota has 19; Georgia, Oklahoma, and 
Wisconsin, 18 each; Minnesota and South Dakota, 15 each; Maryland, 13; 
North Carolina, 12; and Oregon, 11. Colorado, Missouri, and Washington 
have 10 each. In the District of Columbia, where naturally a large part of 
the membership is centered, there are 82 members, excluding and crediting 
to the states a large part of the men who are on field station duty the greater 
part of the year. 

Appress List oF MEMBERS. 


The address list of members this year, if printed, would occupy 13 pages in 
the JouRNAL. For the sake of economy, it seems best to omit this list. 
Changes of address are printed as rapidly as they come to the notice of the 
Secretary, and the names of new members are printed in each issue. These, 
in connection with the address list in the last number of Volume 8, make a 
correct list of the membership. 


be POURNAL AND PROCEEDINGS. 


With the beginning of the year, the JouRNAL was changed from a bi-monthly 
to a g-number. basis, the numbers appearing monthly except during June, July, 
and August. While there has been some irregularity in the appearance of the 
monthly issues and some few regrettable errors have been made because of 
unusual and difficult working conditions, on the whole the Secretary and Editor 
believes that the JouRNAL ,has been more satisfactory this year than last. The 
monthly issuance makes more prompt publication possible, particularly of short 


396 JOURNAL OF THE AMERICAN SOCIETY OF AGRONOMY. 


articles for which quick publicity is desired. The total number of pages 
printed during the year is 432, an 8-percent increase over last year and a 
35-percent increase over the volume for 1915. Including those in the December 
number, 40 papers have been printed, with 9 plates and 23 text figures. These 
papers have been contributed by 40 authors, who represent 13 states and the 
District of Columbia. 

The increasing cost of publication, particularly the present high price of 
paper, will make necessary an increase in the income of the Society, if the : 
JOURNAL is to be maintained on the present basis or is to make any progress 
whatever. While the Secretary regrets very much to make the announcement, 
the only way to obtain this additional income which seems available is to 
increase the annual dues. It will be necessary also to conduct a vigorous cam- 
paign for new members, for our losses are likely to be far heavier than usual 
and we must have new men to fill the gaps and to increase our total. 


DIsPposAL OF PUBLICATIONS. 


In Table 1 will be found full data on the disposal of Proceedings and Jour- 
NAL in the period from October 28, 1916, to October 31, 1917. 7 

The sale of the publications of previous years has been heavier than usual, . 
both the sale of the earlier volumes to those members who desired to complete 
their sets and the sale of complete or partial sets to libraries. The number of 
copies of the current volume distributed to libraries shows a further healthy 
growth, being 88 as compared with 77, an increase of 14 percent. The total 
income from the sale of volumes earlier than the present one was $239.80, as 
compared with $133.10 in the corresponding period last year for one less 
volume. 4 


td 

Tas_e 1.—Data showing the original edition of each volume of the Proceedings : 
and Journal, the distribution made previous to and during 1917, and ¢ 

the number of copies remaining in stock. 


Volumes. 


Edition printed, disposition of SS Lae ‘ 
copies, and number remaining. | 
I 2 3 4 5 6 7 8 9 

Edition printed . : >| oe SOT 252 7(-— SEG) 2 54] ese. 750 agree 750| 1,050 
Previously eared Os 1364 .13973- \402 - l4tr -|628. \Si5 1575 0 \0Onn alee 
Distributed to members, 

TOW Fasc. slows estates tare Suse etwilb onc ecard Wahaus, 45h) omeyletee tulhea drape | eeeeae ele eee ee 652 
Distributed to subscribers | 

TiO 7 We Ber, ay ora, Oe Dew hee MERC Oe es a DAG se Bapah| OC aco | oa seteue let ncene ace eae at whens 
Sam ple eoples ae eh a eal tee coal ee eee Weare ss ee 12) alee 16 
Lost copies replaced dean oasis eels ollcnec coil Mice al oneal ict ee eee a | BS 
Sold, roms twas warner aera oT 19 ay 20 pe 23. 23 22 | 

Total copies distributed.| 385| 392) 423, 431) 661| 575] 610 703, 799 

Difference . “A he) aed eS hc O83) a We sian Bel kes anal A7| eee 

Sold on credit orders, by I I I I 2 DNS ris ry I 


Copies in stock ......:.| (115): 1241 92! 82). 87} 173) 240) 4G) eae 
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6. MINUTES OF THE ANNUAL MEETING. 


WasurincTon, D. C., NovVEMBER 12-13, 1917. 
First Session, Monday Afternoon, November 12. 


The meeting was called to order in the New Ebbitt Hotel at 2 p.m. by Presi- 
dent Jardine and the presentation of papers on the regular program was taken 
up, as follows: 

1. Mineral Food Requirements of the Wheat Plant at Different Stages in Its 
Development (illustrated), by Prof. A. G. McCall. 

2. Effect of Sodium Nitrate Applied at Different Stages on the Yield, Com- 
position, and Quality of Wheat, by Drs. J. Davidson and J. A. Le Clerc (pre- 
sented by Dr. Davidson). 

3. Some Facts Regarding the Soft or Flour Corns (illustrated), by Mr. H. 
Howard Biggar. 

4. Drainage Tanks for Soil Investigations—Some Preliminary Studies, by 
Prof. C. A. Mooers. 

5. Organizing Crop Production on the Basis of the Distribution of the Nat- 
ural Vegetation (illustrated), by Prof. Adolph E. Waller. 


The reading of the papers being concluded, President Jardine announced two 
special committees, as follows: 


NoMINATING COMMITTEE. 


Alfred Atkinson,, chairman; F. D. Farrell, and R. W. Thatcher. 


AUDITING COMMITTEE. 
A. H. Leidigh, chairman, and C. A. Mooers. 


- After announcements by the Secretary regarding the evening session, the 
sessions of the following day, and several other matters of interest, the session 
adjourned. ’ 

Second Session, Monday Evening, November 12. 


This session was held jointly with the Society for the Promotion of Agri- 
cultural Science for the presentation of the presidential addresses of the two 
organizations and an address by Dr. Liberty Hyde Bailey, recently returned 
from extended travel in China. It was called to order by Prof. C. E. Thorne, 
presiding, with about 225 persons present. The following papers were pre- 
sented : 

The Outlook in Agricultural Science, by Prof. Herbert Osborn, President 
of the Society for the Promotion of Agricultural Science. 

The Agronomist of the Future, by Dean W. M. Jardine, President of the 
American Society of Agronomy. 

Permanent Agriculture and Democracy (as suggested by the situation in 
China), by Doctor L. H. Bailey. : 

After the presentation of these addresses, the session adjourned. 
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Third Session, Tuesday Morning, November 13. 


This session was called to order by President Jardine at 9 am. In accord- 
ance with the decision of the previous annual meeting, it was devoted to a 
discussion of varietal classification and nomenclature. The following papers 
were presented : 

6. The Classification of Western Wheat Varieties, by Messrs. Carleton R. 
Ball and J. Allen Clark (presented by Mr. Ball). 

7. Naming American Wheat Varieties, by Messrs. Carleton R. Ball and J. 
Allen Clark (presented by Mr. Ball). 

8. Classifying Oat Varieties, by Mr. George Stewart (read by Prof. E. G. 
Montgomery in the absence of the author). 

g. Identification of Varieties of Oats in New nea by Prof. E. G. Mont- 
gomery. 

Professor Montgomery, the chairman of the Society’s Committee on Varietal 
Nomenclature, then discussed the general subject briefly, following which Pro- 
fessor Wm. Stuart, Secretary of the Potato Association of America, pledged 
the support of that organization in any movement looking toward the stand- 
ardization of the nomenclature of crop plant varieties. After some further 
discussion, the Society went into business session. 


(Business Session.) 


On motion, the minutes of the last annual meeting as printed in the JouRNAL 
(8: 382-385) for November-—December, 1916, were approved. 

The report of the Secretary was read and, on motion, approved. 

The report of the Treasurer was read and, on motion, approved. 

The report of the Auditing Committee was read by the chairman, Mr. 
Leidigh, and was approved, on motion. 

The report of the Executive Committee was read by the Secretary and, on 
motion, approved. . 

No report was made by the Committee on Soil Cidssiftcaten and Mapping. 

The report of the Committee on Standardization of Field Experiments was 
presented by the chairman, Dr. T. L. Lyon, and, on motion, approved. 

No report was made by the Committee on Agronomic Terminology, but a 
brief statement regarding the work of the committee was made by Mr. C. R. 
Ball, a member. | 

The report of the Committee on Varietal Nomenclature was read by the 
chairman, Prof. Montgomery, and, on motion, approved. 

The Society then, on motion, adopted the following resolution proposed by 
Chairman Montgomery: 

That the American Society of Agronomy appoint a Committee which shall 
act in cooperation with the American seed trade and any other agencies to 
secure uniformity in rules and practices of varietal nomenclature and regis- 
tration. 

The code of nomenclature proposed by the committee was read and, on 
motion, adopted. 

Brief reports of the local sections in Iowa and Kansas were made by Profs. 
Stevenson and Call, respectively, and reports from the local sections at Cornell 
University, South Dakota State College, and in New England were read by 
the Secretary. 
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The report of the Committee on Nominations was then read by the Secre- 

tary, as follows: 
President, Dr. T, Lyttleton Lyon, Cornell University. 
First Vice-President, Prof. A. G. McCall, Maryland State College. 
Second Vice-President, Dr. C. B. Lipman, University of California. 
Secretary, Mr. P. V. Cardon, U. S. Dept. of Agriculture. 
Treasurer, Prof. George Robert's, Kentucky Agr. Expt. Station. 

It was moved and seconded that the report of the committee be adopted and 
that the Secretary be instructed to cast the unanimous ballot of the Society for 
the nominees. Treasurer Roberts then made a brief statement recalling his 
five years of service and asking that he be relieved from further duty. He 
pointed out the advantages of having the Secretary and Treasurer located in 
the same city and urged that the two offices be merged. This suggestion was 
approved by the Secretary, who stated that the decision regarding the desira- 
bility of merging the two offices had been arrived at independently by the 
present incumbents. The committee’s report was then amended by substituting 
the name of Mr. Cardon for that of Prof. Roberts for Treasurer, the amended 
report adopted, the ballot cast by the Secretary, and the nominess declared 
elected. 

The Secretary then made a brief statement of the financial condition of the 
Society, with the estimated income for 1918 and the probable expenditures 
based on the publication of a volume of the JourNnat of the same size as that 
printed in 1917. This statement showed that a deficit was almost certain to 
result unless the membership dues were increased. It was then moved and 
seconded that that portion of by-law 1 which reads “ The annual dues for each 
active and associate member shall be $2.00” be amended by substituting “$2.50” 

r “$2.00.” After a short discussion, the by-law as amended was adopted. 

On motion, the annual dues of those members who enter the military service 
were suspended for the period of that service. 

On motion, the Society expressed its thanks to the management of the New 
Ebbitt Hotel for courtesies extended during its sessions. 

On motion, the Society expressed its appreciation of the services rendered 
by the retiring Secretary and Treasurer during their respective terms of office. 

The Society then adjourned to meet at 2 p.m. 


Fourth Session, Tuesday Afternoon, November 13. 


The session was called to order by Mr. C. R. Ball at 2 p.m., the President 
and both Vice-Presidents being unavoidably absent. The presentation of 
papers was resumed, as follows: 

10. Relation of Weed Growth to Nitric Nitrogen Accumulation in the Soil 
(illustrated), by Profs. L. E. Call and M. C. Sewell (presented by Prof. Call). 

11. Wheat Breeding Ideals, by Prof. Harry Snyder. 

12. Calcium in Its Relation to Plant Nutrition (illustrated), by Dr. R. H. 
True. 

13. Red Rock Wheat and Rosen Rye (illustrated), by Prof. Frank A. Spragg. 

14. The Triangle System for Fertilizer Experiments (illustrated), by Dyes: 
Oswald Schreiner and J. J. Skinner (presented by Dr. Schreiner). 

After an announcement regarding the evening session, the session adjourned. 
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Fifth Session, Tuesday Evening, November 13. 


The session was called to order at 8 p.m. by Vice-President Lipman and the 
following papers presented: 

15. Some Tests of an “ All-Crops” Soil Inoculum by Mr. Paul Emerson. . 

16. Corn and Wheat Soils of the United States, by Prof. C. F. Marbut. 

17. Methods Used in Cereal Investigations at the Cornell Station (illus- 
trated), by Dr. H. H. Love and Mr. W. T. Craig (presented by Dr. Love). 

18. The Significance of the Sulfur in Sulfate of Ammonia Applied to Certain 
Soils, by Dr. C. B. Lipman. 

19. Aluminum as a Factor Influencing the Effect of Acid Soils on Different 
Crops, by Dr. B. L. Hartwell and Mr. F. R. Pember (presented by Dr. Hart- 
well). 

The presentation of papers being concluded, the Society adjourned sine die. 
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GEO. RosBeErTs, 
Treasurer. 


AUDITING COMMITTEE’S STATEMENT. 


The undersigned have examined the accounts kept by Prof. Geo. Roberts, 
Treasurer of the American Society of Agronomy, and consider them in first- 
class condition. We find the statement of the Society’s finances as set forth 
in Prof. Roberts’ annual report correct. 

: An Hs LEDIGH, 
C. A. Mooers, 
Auditing Committee. 


REPORTS OF COMMITTEES. 


The reports of two special committees, those on audit of accounts and on 
nominations, are found elsewhere. The Auditing Committee’s report imme- 
diately follows the report of the Treasurer, while that of the Committee on 
Nominations appears at the proper place in the minutes of the business session. 

The reports of two of the four standing committees of the Society follow 
the report of the Executive Committee. The other two committees, those on 
soil classification and mapping and on agronomic terminology, made no report. 


REPORT OF THE EXECUTIVE COMMITTEE. 


A meeting of the Executive Committee was called at Washington, D. C., 
November 16, 1917, by President Jardine, with all members present. 

On motion, it was decided that the next annual meeting of the Society should 
be held at the same place and on the two days preceding the meeting of the 
American Association of Agricultural Colleges and Experiment Stations. The 
matter of holding a sectional meeting with the Great Plains Cooperative Asso- 
ciation or the Dry Farming Congress was referred to the President and Sec- 
retary, with power to act. . 

On motion, the Secretary was instructed to continue as Editor of the JouRNAL 
during the ensuing year. On motion, it was ordered that the JourNAL be issued 
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monthly during 1917, except during June, July, and August. Decision as to the 
size of the monthly edition and the choice of an editorial board was delegated 
to the Secretary and Editor. : 

On motion, the Editor was directed to offer the JouRNAL to senior students 
in agronomy at the various agricultural colleges at a reduced price for one year 
only, this price to be approximately the cost of publication (later fixed at $1.25). 

In March, by a mail vote, the committee unanimously authorized the organi- 
zation of the Illinois Section of the Society, with headquarters at Urbana. In 
May, a local section at the North Carolina A. & M. College was similarly 
authorized. 


REPORT OF THE COMMITTEE ON STANDARDIZATION OF 
FIELD EXPERIMENTS. 


The committee have felt that it is desirable to proceed cautiously in the mat- 
ter of making recommendations regarding methods of field experimentation. 
There are at present very few data on which recommendations could be based, 
and we think that the greatest service that the committee can accomplish at 
this time is to examine carefully the data at hand and to encourage further 
research along this line. We have, therefore, decided to select certain phases 
of the subject, to review the records of experimentation dealing with these, 
and to draw some conclusions if that seems justifiable, but to withhold recom- 
mendations. 

Our efforts have been directed towards the consideration.of questions regard- 
ing the use of check plots in field trials and the size of plot that is best adapted 
to obtain reliable results. The former of these has been treated by Professor 
Wiancko and the latter by Dean Jardine and Dr. Lyon, Dean Jardine discussing 
the subject from the standpoint of crop experimentation and Dr. Lyon from 
that of soil experimentation. In addition to this we have compiled a partial 
bibliography of the literature dealing with methods of field experimentation. 
It is hoped that this work on the bibliography will be continued by succeeding 
committees so that the Society will ultimately have a complete bibliography of 
the subject. 


S1zE oF Piots For FIELD EXPERIMENTS WITH CROPS. 
W. M. ‘JARDINE.? 


Taylor (65)2 found that the size of field plots in this country varied from 
one fortieth acre to 2 acres, the smaller ones being most common. The 150 
plots at the Rothamstead, England, experiment station were found to vary in 
size from an eleventh to a half acre in size, the average being a little over a 
fifth acre. He believes “the general proposition may be laid down that the 
size of plots should vary inversely with the degree of uniformity of the soil.” 
Except for breeding and selection work the plots should be “large enough to 
allow the unhampered use of ordinary farm machinery upon them.” It is 
pointed out that the larger the plots the less is the error of computation. 


1 Dean Jardine desires to state that this review was prepared by Prof. S. C. 
Salmon and to express his appreciation of the service. 
2 Figures in parentheses refer to “ Bibliography,” p. 415. 
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“For most tests one tenth of an acre should be considered about the mini- 
mum size while the maximum would be limited largely by the extent of land 
available.” “ One-tenth-acre plots are most convenient for computing results 
and the area is ample for the use of most machinery.” 

He concludes that “the size of plots is largely a matter of convenience and 
local conditions.” The best size “ depends first upon the area of land available, 
second upon the uniformity of the soil, and third upon the number of plots 
necessary for a given experiment.” 

Smith (59) points out that in tests with corn the plots should be large enough 
to permit a fair representation of the seed under investigation. This is stated 
to vary with the nature of the test and no definite rule that will apply to all 
cases can be laid down. At the Illinois station the single or 2-row plots for 
variety tests have been abandoned because they seem to be too narrow for a 
fair test. Tall varieties shade short varieties and plants with extra strong 
foraging powers have an advantage over a weaker adjoining variety. The 
system has been adopted of planting the variety plots 5 rows wide and discard- 
ing at harvest time the 2 outside rows of every plot. 

Cory (13) compared row plantings and field plots for variety tests in experi- 
ments at Dallas, Texas, and McPherson, Kans. He noted the following advan- 
tages for the row plantings: (a) Easier to get help for harvesting the row 
plantings than to secure teams to harvest the field plots; (b) the bundles from 
rows can be stored and thus prevent damage from bleaching, sprouting, shat- 
tering, etc.; (c) all short and weak stems are gathered better than in field plots; 
and (d) economy in land and labor. He gives it as his opinion that except for 
“varieties with short or weak stems, or in cases of unequal germination, insect 
infestations, or errors made in threshing, ... the row plantings will furnish 
an accurate check for field plots.” 

In tests conducted at the Cornell Agricultural Experiment Station, Lyon (39) 
found that the mean deviation from the normal yield is considerably less for 
plantings in 17-ft. rows when Io such rows represent a single test than for 
tenth-acre plots when each plot represents a different test. “The advantage 
from the small plots is not only in point of accuracy but also in the area of 
land required. Seven one-tenth-acre plots covered an area of 30,492 square 
feet while seventy of the rows required only 1,190 square feet. The use of the 
row method in variety testing is commended by the results of this test.” 

Piper and Stevenson (55) recommend the use of fortieth-acre to tenth-acre 
plots as the minimum for varietal and similar tests with small grain, these 
plots to be replicated at least twice and preferably five times. For row tests, 
rows I rod or more in length and 6 to Io inches apart are recommended. For 
varietal and similar tests with corn, the minimum standard recommended is 5 
rows each of 25 hills or 5 rods long, the outer two rows to be discarded. 

Lyon (40), from a review of experiments dealing with experimental error in 
field plots and from his own experiments and those of his associates at the Cor- 
nell station, concluded that “There seems to be little gained in accuracy by 
using plots larger than one fiftieth of an acre in size, when the yield of crops 
is made the criterion. .. . For accuracy in sampling soil, the smaller the plot 
the better. When it is possible to give small plots careful treatment and to 
replicate each treatment several times, the smaller plots are preferred to large 
ones... . An area of one twenty-fifth acre of land in four widely separated 
plots devoted to any one test secures a much larger degree of accuracy than the 
same area of land in one body.” 
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Mercer and Hall (43) grew an acre of mangolds which they harvested in 
200 sections of one two-hundredths acre each and 1 acre of wheat which they 
harvested in 500 sections of one five-hundredth acre each. By combining these 
plots into larger plots and comparing the probable errors of the different sizes 
so obtained they were able to arrive at a comparison of the accuracy of tests 
conducted with different-sized plots. They concluded that the error diminishes 
with the size of the plot but the reduction is small when the plot grows above 
one fortieth acre. For practical purposes the authors recommended that in 
any field experiment each unit of comparison (variety, method of manuring, 
etc., according tio the subject of the experiment) should be given five plots of 
one fortieth of an acre each, systematically distributed within the experimental 
area. 

Wood and Stratton (78) investigated the error of field experiments by two 
independent methods. By the first method an apparently uniform area of 
about an acre was marked out in the middle of a field of mangels and divided 
into plots of one thousandth acre each. These were harvested and weighed 
separately. A total of 1,050 plots were harvested, but 150 on one side of the 
area were excluded because of markedly lower yields. These small areas were 
combined into larger ones and the probable error for different combinations 
determined. By the second method, duplicate pairs of plots in experiments 
reported in various publications were used. For this purpose the probable 
error of 400 pairs of plots, including experiments with wheat, barley, oats, 
mangels, swedes, and potatoes and varying in size from an eightieth to a half 
acre was determined. The probable error varied from 3.1 to 7 percent of the 
mean except for the thousandth-acre plots of mangels, for which it was 12 
percent. The authors conclude that the probable error is “independent of the 
size of the plot’ employed provided this is one eightieth of an acre or larger.” 

Olmstead (52) reviewed the experiments of Mercer and Hall, Montgomery, 
and Lyon, applying to their data the method of least squares. He concluded 
that when wheat is grown, a number of small plots, ranging down to 0.0007 
acre, is much better than the same total area in a single plot. In his opinion 
the data indicate that one large plot is better than one small one but no opti- 
mum size is indicated. He concludes that “the estimation of the probable 
errors of a large number of small duplicate plots well distributed in the area 
devoted to a field experiment indicates that the precision of agricultural experi- 
ments can be increased by replicating the experiments on small plots. 

“ Replication is urged not only for giving greater precision in experiments in 
which the results justify the increased labor but also for furnishing a means 
- whereby the experimenter and his reading public can determine what reliance 
can be placed upon the data and conclusions of the experiment. 

“ Replication also lessens the uncertainties involved in the use of check plots 
and may decrease the total area required for the conduct of field experiments.” 

From observations in variety and other field tests conducted at the-experi- 
ment farm at Newell, S. D., Salmon (57) concluded that greater: accuracy in 
variety tests can be secured by dividing the tenth-acre plots (33 & 132 ft. plus 
5-ft. alleys) into five plots of approximately one fiftieth acre each (6 X 132 ft.) 
separated by alleys of 1.6 ft., and replicating each variety five times. By this 
method the same area of ground was required for a given number of varieties 
and much greater accuracy was secured with an additional expense for labor 
in seeding, harvesting, and thrashing of less than 50 percent. 
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Barber (4) pointed out that there are proportionately more plants along the 
border in small plots than in large ones and since the plants on the outside of 
the plots are more productive than those within the plot, the error from this 
source is greater in small plots than in large ones where the plots are separated 
by cultivated or uncropped pathways. He gives no experimental data to show 
the optimum size of plots. 

Mortenson (51) believes that from 0.005 to 0.001 hectare (about 535 sq. ft.) 
is the proper size of plots and states that better results have been obtained from 
small plots repeated often than from larger plots. 

Montgomery (48) grew a plot of wheat 77 * 88 feet and harvested it in 224 
separate plots each 5.5 feet square. The soil was of average uniformity and 
fertility, producing on the average about 25 bushels per acre. These small plots 
were combined into larger plots and the error for the different sizes so obtained 
was computed. It was found that “increasing the size of plot above four 
adjacent blocks has had very little effect on reducing variation.” He states 
that plots 5.5 x 16 ft. is a very convenient size. With plots of this size “ 48 
comparative tests per acre can be made, repeating each ten times, with a much 
higher degree of accuracy than when tenth-acre plot's are repeated twice or 
three times.” 

In another paper (49) he concludes that “to increase the size of the block 
up to a certain limit rapidly decreases variability; but error cannot be indefi- 
nitely decreased by continuing to increase the size of the plot... . To increase 
the length of the row four times decreases the deviations about one half. By 
increasing the length of the row or the size of the block the number of repeti- 
tions necessary is decreased, but the total area required to secure the same accu- 
racy is increased. An excellent size where land is plenty would be 2 to 4 rods 
in length for rows and 5 X 16 feet in area for blocks.” 


S1zE oF PiLots For FIELD EXPERIMENTS WITH SOILS. 
TA i VON. 


Field experiments: with crops are concerned with the soil merely as a means 
of producing the crops. Uniformity in the soil is the great desideratum, 
although other factors, such as the degree of fertility or acidity, may affect the 
results. As these latter factors may best be gauged by repeating the experi- 
ments on other soils, the problem in the end resolves itself into one of secur- 
ing a uniform medium for any set of trials. The results are measured only in 
terms of crop yields or quality. 

Field experiments with soils are as dependent for their success on the uni- 
formity of the soil at the beginning of the experiment as are experiments with 
crops, but after the experiment is once begun the uniformity is necessarily 
destroyed. The results of the experiment may be measured in terms of crops 
or in terms of the soil itself, which is generally accomplished by the use of 
chemical, physical, or biological tests. 

As both crop and soil experiments demand a uniform soil at the outset, any 
discussion of the subject from either standpoint would naturally cover much 
the same ground. Crop experimentation, however, includes a discussion of the 
use of single rows of plants, which is obviously unsuited to soil experiments. 
Experimentation with soils calls for the discussion of measurements of the 
uniformity of soil plots by other than cropping tests. Unfortunately this latter 


406 JOURNAL OF THE AMERICAN SOCIETY OF AGRONOMY. 


phase of the subject seems not to have received much consideration at the hands 
of experimenters. 

The function of this paper is to review the published investigations that are 
available on the subject of the relation of the size of field plot to the experi- 
mental error introduced by lack of uniformity of the soil. The review is con- 
fined to reports of experiments and does not pretend to be exhaustive. 

Any discussion of the degree of accuracy to be secured by the use of plots 
of different sizes will naturally carry with it a consideration of the effect of 
replication of treatments on scattered plots,, as that gives an opportunity to 
consider the relative effectiveness of a given area of land in one body or in 
scattered units. 

Wood and Stratton (78) have calculated the probable errors involved in the 
use of plots of various sizes by taking the yields of 400 duplicate plots used in 
many different experiments and planted to several kinds of crops. For each | 
pair of similar plots they have calculated the mean, and the difference between 
each pfot and the mean. Using this as a basis they have calculated the probable 
error tor plots of one half, one quarter, one twentieth, one fortieth, and one 


eightieth acres, using the formula p.e. = 0.674) ' 1? in which S equals the 
n(n —I 


sum of the squares of the deviations from the mean and n equals the number of 
tests. The probable error for each size of plot is as follows: 


AS pains ‘ot -plotsveach. 46: “acre ols. ae eee 3.5 percent. 
52 spaits. on pPlotseeach) 44 acre se .ac sss hese 3.5 percent. 
26 pairs of plots eachd49 ‘aere? 6. 0t 2 eee 3.9 percent. 
200: pairsot: plots each: 249 acre. ck hott, oo ee 4.6 percent. 
75 Pairs of -plotsseacCn seg acre: sae. oe eae 3.1 percent. 


There appears, when judged by these results, to be no advantage in using 
plots of more than one eightieth acre. 

Wood and Stratton also used another method for estimating the probable 
error arising from the use of plots of different sizes. In an apparently uni- 
form field of beets an area of about I acre was measured off and divided into 
plots of 0.001 acre each, and at harvest each plot was weighed. In all 1,050 
plots were weighed, but it was decided to reject 150 0n account of their apparent 
lack of uniformity. The values of the probable error of these plots calculated 
by the method used previously is as follows: 


Number of plots. Area, Pr. bable error, 
900 IA Hor aCLER. oo ee lee eee 12 percent. 
36 Whig: BEE SES.% GR ee ee 4 percent. 
25 tog ACH Oe Pals nk eee ieee eset 7 percent. 
‘OE Tey: | SQCKet XG. Ital See 5 percent. 


If we consider the results obtained by both methods and discard the results 
from the thousandth-acre plots, which are obviously too small for soil experi- 
ments in the field, we have left eight independent results for the probable error 
in field experiments, which range from 3 to 7 percent. It may be deduced 
from this that the probable error of field experiments carefully conducted is 
about 5 percent. It is also interesting to note that between plot's of a half acre 
and those of an eightieth acre the probable error is independent of the area 
of the plot. 
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The authors then show by the theory of probabilities that with a probable 
error of 5 percent the least significant difference between two plots is 19 percent. 
In other words, differences of less than 19 percent in yield would not justify 
conclusions as to relative effects of different treatment. In order to reduce 
th€ significant differences they advise replicating the plots and proceed to 
develop mathematically a table showing the number of replications necessary 
to obtain a certain precision in percentage difference between yields. Thus for 
a significant difference of 10 percent, four plots are necessary; for a difference 
of 6 percent, ten plots are necessary. 

Mercer and Hall (43) also determined the deviations which appear in the 
‘use of plots of different areas. The areas used were selected from fields which 
seemed to the eye to be uniform. One of these fields was in wheat, and the 
other in beets. The authors employ the method of least squares for calculating 
the errors from plots of different sizes. The plots vary in size from one two 
hundred and fiftieth to one twentieth acre, from the study of which they con- 
clude that the error diminishes as the size of the plot increases, but not propor- 
tionately, and that there is little advantage in using plots of more than one 
fortieth acre in area. They also conclude that it is desirable to replicate the 
plot treatments, but that there is not much to be gained by increasing the 
number of replica plots beyond five. In both of these conclusions they are 
somewhat at variance with Wood and Stratton. 

Hall and Russell (26) divided a wheat field at the Rothamstead Experiment 
Station into plots of one five-hundredth acre each and harvested and thrashed 
each plot separately. The yields of grain averaged about 4 pounds per plot. 
These, when grouped at intervals of 0.2 pound produced a frequency curve 
that indicated a fair degree of uniformity. When the probable error for any 
one plot was calculated for single plots and for groups of plots, making plots 
of various sizes up to one tenth acre, the results were as follows: 


Size of plot. Probable error. 
EIR rN 8 gos die ane ES O04 dies ov os 7.8 percent. 
NE a 6.7 percent. 
I Sp Ec Noe. sw bigu dak uu bac n.e Mae 6.0 percent. 
IE can ais cla. cies ae etace’or st ace epee s 4.2 percent. 
RE ie ee Soa cc avid Soa ec aes 3.8 percent. 
Se eer es Lin sod inre ks Set Sawn e'’s 3.4 percent. 


The authors conclude from these figures that there is but little a ‘vantage, in 
point of accuracy, to be gained by the use of plots larger than one fiftieth acre 
in size. They then calculated the probable error for units of five plots scat- 
tered over the area under experiment, which reduced the error to 2.4 percent, 
from which they conclude that each treatment should be repeated five times 
with plots one fiftieth acre in size in order to reach the greatest accuracy com- 
patible with due economy of land and labor. 

Montgomery (48) divided an area of wheat into 224 plots, making each plot 
5.5 feet square. Each plot was harvested and thrashed separately. By com- 
bining the yields of several contiguous plots larger plots may be formed and 
the accuracy of larger and smaller plots may thus’ be compared. In this way 
plots of 444 acre, 4% acre, 4s acre, and 4% acre were formed and the coefficient 
of variability calculated from yields of wheat for three years with the follow- 
ing result: 
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Size of plot. _\oefficie . of variability. 
Vy 4 ACTOS St RR Ne De ee aes 0s 40057 EPOEme 
Peg TaChOk rae Ticks sande SR ee Waste sete ... 895° percent. 
Vag acre ih eagle oc Meee Sood wales tees 
Yh BORE OSS wa OF. SE oe Dee Ee es 7.85 percent. 


These figures indicate but little gain in accuracy by increasing the size of 
the plot above 4% acre. On the other hand if instead of increasing the number 
of contiguous plots a corresponding area be secured by scattering the plots 
systematically over the area used in the experiment the accuracy is greatly 
increased, as shown by the following statement: 


Number of plots. Area thus secured. Coefficient of variability. 
I TAhg BOLO cas. weed ae 14.66 percent. 
4 The ACh OnE oe hls ae are te 5.51 percent. 
8 TA as MOREY ats. Se uae der ee 3.22 percent. — 
16 Ye BORE Wane Be ee 2.01 percent. 


In experiments by Lyon (40), 37 hundredth-acre plots were used. These 
were planted to maize and all received the same treatment. The yields when 
plotted in a frequency curve indicated that the figures were suitable for calcu- 
lating the probable error which may be expected to occur on any plot in the 
series. Calculated in the customary way the probable error for any hundredth- 
acre plot was 5.2 percent. In order to compare the hundredth-acre plots with 
larger ones the plots were grouped in four contiguous plots, thus giving an 
area of 0.04 acre. Calculated in a similar manner the probable error for any 
0.04 acre plot was 4.5 percent. When the 0.01 acre plots were arranged so 
that every fourth plot was a check and in units of four plot's scattered over the 
area under experiment the probable error for any treatment was reduced to 2.0 
percent, 

In the same paper a report is given of an experiment in which a field of pota- 
toes was harvested by rows, each row constituting a plot of 0.02 acre. By com- 
bining these, larger plots were formed. When the data of the yields is handled 
in the same way as the preceding the probable errors for plots of different 
sizes are as follows: 


Size of plot. ‘ Probable error. ‘s 
Ve ACO ro wi havels. igi ote yun) RR cae Ree Ea ee ae ee a 6.1 percent. 
Wo? ACTE i aki ala.. als SMO SDs ae MeL Oe er 4.8 percent. 
Dor CUO as oi (Eley eas CS ee eek Oe 3.8 percent. 
SGn ACRE oe Ae abe cles ea Re CN RN IN on ea 3.2 percent. 
Bos AGE Oivas >. thehe Peuthe ct wi cde RU RR ONS oy en ee | ee eee oe 3.3 percent. 


In this field there is no significant increase in the probable error until vas 
plots become as small as one twenty-fifth of an acre. 

Holtsmark and Larsen (32) proceeded in a somewhat different way to esti? 
mate the errors arising from the use of plots of different sizes. They first 


determine what they call the true error, which is found by planting the entire 
area, consisting of all the plots to be tested, with a certain crop. The average 


for the yields of all of the plots is termed the “true value” of the plots, and 
the difference between this average and the actual yield of any plot is termed the 
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“true error.” The (rue errors” are used as the basis for calculating the 
G ate . 

“mean error” by means of the following formula: 


ea at Vi t+Vs +-::: Vr 


nN 


in which /,, V2, --- Vn are the true errors, and n is the number of errors of 
which the mean error is to be determined. They proceed on the theory of 
probabilities that when » quantities vary from a certain value through faulty 
observation, and when the average error of the separate quantities is m, the 


error of the arithmetic mean of the quantities will be + —. 
Vn 
If instead of one plot for each fertilizer or other test, two plots are used, 


I 
the mean error becomes —==0.71; if three plots are used the mean error 1s 
V2 


= 08: four plots, 
plot is used. 

By experiment the authors found these values actually to be 1: 0.658: 0.418 
instead of 1:0.71:0.50. They ascribe the discrepancies to the fact that the 
errors are not all accidental, as is assumed by the theory of probabilities, but 
that there were also errors caused by non-uniformity of the field. 

The above explanation is necessary in order that the reader shall understand 
their method of estimating the comparative accuracy of plots of different sizes. 
A field with a crop growing on it was divided into 96 plots of %¢ acre, and 
these grouped to make 48 plots of % acre, 24 plots of 14 acre, 12 plots of % 
acre, and 6 plots of 1 acre. The mean error for each group of plots was then 
calculated with the following results: 


— =0.50, as great as the mean error when only one 


V 


Mean error in percent- 


Number of Size of Mean age of average 
plots. plots. error. yields. 
06 146 acre 0.887 17.4 
48 Ye acre 1.610 15.8 
24 4 acre 2.910 14.6 
12 1% acre 5.180 12.7 
6 fo-- acre 9.390 IL.5 


. As compared with the other experiments cited there is a relatively larger 
error with the use of small than with large plots. These results are of interest 
chiefly because of the method used in securing them. 

Olmstead (52) has worked over the data recorded by Mercer and Hall, Mont- 
gomery, and Lyon, and has calculated the probable error for any plot in Mercer 
and Hall’s wheat and mangold fields, Montgomery’s 5.5 ft. square wheat plots, 
and Lyon’s potato rows, when the unit areas in these fields are grouped con- 
iguously and when scattered over the field used in the experiment. He shows 
that all of these data indicate that the precision of field experiments may be 
increased by replicating the tests on small plots down to 0.0007 acre rather 
than by using the same area in one large plot. He says: “ When many small, 
well-distributed duplicate plots are used, soil of all degrees of productivity is 
likely to be found in each group of plots, and this is the main argument for 
replication in field and pot experiments.” 
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An attempt has been made by Kaserer (35) to ascertain the number of bor- 
ings that are required to adequately estimate the composition of the soil of 
a field plot. Two plots were selected, each of which had a known history ex- 
tending over a number of years previous to making the test. The previous 
treatments had been uniform over the entire area of the plots. Each plot was 
164 feet long and 65.5 feet wide. Samples were taken to a depth of Io inches 
by means of a Kopetzky borer. The borings were made on the line of the 
diagonals of the plots and there were nine borings in all. As the borings were 
equidistant on the diagonals they would be 29.5 feet apart. 

The sample obtained by each boring was analyzed separately, determinations 
of dry substance, total nitrogen, and nitrate nitrogen being made in duplicate. 
While the duplicate determinations of the same sample agreed excellently well 
there were larger differences between the samples. This leads him to call atten- 
tion to the great difficulty in getting a representative sample of the soil of a field 
plot and to recommend that borings should be taken on at least every square 
meter of surface. 

An attempt was made by Allison and Coleman (1) to measure the biological 
uniformity of two plots of land. For this purpose 2 twentieth-acre plots were 
selected, one of which was in timothy and the other had produced a crop of 
corn previous to the test. The former was a heavy clay and the latter a sandy 
loam. Ammonification tests with different nitrogen carriers were made with 
soil samples taken at several points in each plot. The authors conclude that 


“where plots are uniform in character the biological variations of the soil at 


different points in the plot are not great, or else we are not able to detect these 
differences by the present methods.” 


Tue Use or CuHeck Piots In FIELD EXPERIMENTS. 
A. T. WIANCKO. 


Although there is a considerable amount of literature on various phases of 
field plot experimental work with crops and soils, very little has been published 
concerning the use of check plots. Many of the articles that do touch upon 
the subject deal primarily with the application of calculation methods in reduc- 
ing the experimental error in the yields secured and only incidentally refer to 
check plot's as such. The list of references thus far gathered by the Com- 
mittee is doubtless incomplete and a full review of the literature dealing in 
any way with check plots or checking systerhs is not possible at this time. 
Some of the references known to the Committee could not be secured for 
examination and review. In the paragraphs below an attempt has been made 
briefly to summarize the principal points in the articles referring to check plots 
and checking systems involving check plots of one kind or another. 

Atwater (2) calls attention to the unevenness of the soil and the fact that 
duplicate trials seldom agree, and suggests the preliminary testing of areas 
intended for experimental purposes by uniform treatment for a series of years 
and using only such as prove to be intrinsically uniform. Where experiments 
are to be undertaken at once and preliminary testing is not feasible, he suggests 
the use of small plots several times repeated. In another part of the discussion 
he suggests duplicating manured plots and using not more than two’or three 
unmanured plots for ordinary experiments. 

In a later report (3), which gives full instructions for conducting field soil 
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fertility tests, Atwater says with reference to check plots: “It is of the greatest 
importance that several unmanured plots be left for comparison. For eight 
manured plots, two unmanured will suffice; but where there are more than that, 
three, one at each end and one in the middle, or, if the number is large, one in 
the middle and one half-way between this and each side would be advisable. 
You will have very little idea how uneven an apparently uniform soil may be 
until you make the trial.” 

Morgan (50) reports a study of the variation in yields on different areas in 
similarly treated fields of corn and wheat which were divided into a large 
number of small plots. By calculations based on assumed checks at a number 
of different intervals, it is shown that the average variation is constantly re- 
duced with the frequency of the checks. 

In his book on fertilizers and manures, Hall (24) briefly discusses the layout 
and management of experiment fields and recommends repeated smaller plots 
as being preferable to larger single ones. He further calls attention to a plan 
used by Dr. Sonne in Denmark, involving four repetitions of each treatment 
distributed around the field, as a means of reducing error. 

Thorne (66), in a circular which contains detailed instructions for conduct- 
ing field experiments, states regarding check plots: “A matter of great impor- 
tance, too often lost’ sight of in field experiments, is the repetition of check 
plots. In the most uniform soils there will be some variation in the produce 
of adjoining plots from season to season. Even were the actual plant food the 
same, the variations in level which occur on all soils will produce an unequal 
distribution of moisture, and moisture may often be a more important factor 
in determining crop yield than plant food. The ideal system of plot experiment 
would leave every alternate plot as a check. Next to this comes the plan of 
leaving every third plot as a check, thus having a check plot on one side or the 
other of every plot under treatment. In fertilizer tests the check plots may be 
unfertilized or subjected to uniform dressings with a standard fertilizer or 
manure, depending upon the object of the experiment. In variety tests the 
check plots should be planted to a standard variety.” In discussing the calcu- 
lation of the increase, the author recommends the method of comparing the 
treated plot yield with the normal yield calculated from the two nearest checks, 
assuming the difference between the checks to be uniformly progressive. 

Gardner and Runk (21), in connection with a report on a variety test of oats 
at the Pennsylvania station in 1908, discuss the checking method using a stand- 
ard variety every third plot’ and computing the yield of the intervening varieties 
from a calculated check yield, assuming a uniform change in the soil from one 
check plot to the next. 

Lyon (39) reports the comparison of wheat variety tests conducted by means 
of tenth-acre plots with every third plot a check, and 17-foot rows with every 
tenth row a check. The probable error for each checking system is calculated 
and found to be smaller inthe row system. Itis conciuded that the row method 
may be preferable in point of accuracy as well as in requiring less space. 

Lyon (40), in a report on some experiments to estimate the error in field 
plot tests, discusses the use of check plots at some length, explaining their use 
as being based upon the assumption “that the productiveness of the soil changes 
gradually from point to point and that consequently the natural productive 
capacity of any plat! may be determined by its distance from two plats on 
either side, the natural productive capacities of which are known.” Experi- 
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ments are cited, showing that this is not always true. It is brought out, how- 
ever, that the more frequently check plots are introduced the more accurate 
will be the results. Different methods of making corrections by means of 
check plots and the use of repeated series as means of reducing error are dis- 
cussed. The conclusion is reached, regarding the distribution of checks, that 
“the use of check plats every second or third plot secures greater accuracy than 
when no checks are used,” but the data at hand do not indicate any advantage 
from the use of check plats at less frequent intervals. 

Piper and Stevenson (55) discuss the various factors affecting the problem 
of field experiments in crop and soil studies and suggest minimum standards 
for each of several lines of investigation. As regards checking, different sys- 
tems are recommended for different lines of work. For corn variety tests, 
every fifth plot or fifth row as checks and five replications in rows and two 
to three replications in plots are recommended. For small grain tests, every 
fifth row or third plot as a check and from two to five replications in plots 
_and ten in rows are recommended. For soil fertility tests, it is recommended 
that every third plot be used as a check and that the whole series of plots be 
repeated as many times as may be required for the growing of each crop in the 
test every year. 

In an experiment to determine the experimental error in field tests, Mercer 
and Hall (43) found wide variations in the yields in different parts of an 
apparently uniform field and conclude that a single season’s results on single 
plots may be very unreliable and that trials should be replicated. Five repli- 
cations are recommended to bring the error within 2 percent. Mention is also 
made of the fact that variations due to season can be checked only by repeating 
over a series of years. 

- Mitscherlich (46), in a study of the experimental error in twenty experi- 
ments, found that the error is lessened by reducing the size and increasing the 
number of plots (duplicate as well as control). 

Montgomery (48) found that repeating ten times in small plots was much 
more accurate than large plots repeated two or three times and concludes that 
the only method of securing comparative yield tests that will meet all of the 
fluctuating variations is systematic repetition. 

Montgomery (49) presents a considerable amount of experimental data on 
different systems of planting and checking in field studies with wheat. He 


concludes that systematic repetitions is the best way to reduce error and that 


ten to twenty repetitions should be made to insure a satisfactory degree of 
accuracy. It is also known that while having every other row a check gives 
the highest degree of accuracy, the total number of plots required for the 
same degree of accuracy is greater by this method than by systematic repetitions. 

In a study of the size of plots and effect of repetition on accuracy, Mortensen 
(51) shows that better results have been secured from small plots repeated 
often than from larger single plots. It is concluded that the number of repe- 
titions should be from eight to ten ordinarily, depending upon the number of 
factors to be determined by the experiment. If more than two factors are 
wanted, more than ten plots should be used. 

Hanroth (26) discusses methods of reckoning the variation of each plat of 
the series from the mean of their yields. The Gauss formula is applied to 
various fertilizer experiments as a means of making corrections for the observed 


variations. 
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Salmon (57) discusses the need of greater accuracy in field plot experiments 
and with particular reference to variety tests suggests the use of the small plot 
repeated several times. 

Salmon (58) presents some data from a variety test of barley in 1912 which 
was non-uniformly affected by some unknown cause, probably uneven drifting 
of snow, and shows that no fixed check plot system of correction could be 
safely applied to the results. 

Olmstead (52) presents a number of different sets of data to illustrate the 
application of the method of least squares in computing the results of field 
plot experiments to a comparable basis and discusses the use of check plots 
and repeated plantings. In the discussion of the check plots, mention is made 
of the practice of having one third to one fifth of the plots as checks and it 
is suggested that a combination of the methods of comparing with a normal 
yield based on the two nearest checks and the method of comparing with the 
average yield of all checks be used in calculating the results to a comparable 
basis. From the experimental areas of the study, including several different 
crops, it is concluded that replication of experiments on small plots is the best 
means of increasing accuracy. 

Wiancko (76), after a brief discussion of the use and distribution of check 
plots in existing soil fertility experiment fields and calling attention to the non- 
uniformity of the annual curve of the check plot yields, points out the fact 
that the check plot as usually employed, having all the produce removed from 
it and nothing returned, becomes poorer and poorer and that during the process 
of reduction of fertility the initial relations of one check plot to another may 
change and that finally the plots become so poor that crops either do not 
develop normally at all or are subject to uneven annual fluctuation caused by 
various unfavorable climatic conditions, plant diseases, and insect injuries to 
which their unthriftiness makes these plots especially subject. The question 
is then raised as to whether it would not be wise to maintain the check plots 
in a reasonable state of fertility by means of a uniform manurial treatment 
calculated to produce at least fair yields of all the crops in the rotation. 

Pritchard (56) presents data from sugar-beet experiments showing the effects 
of check rows at different distances and of repeated plantings. It is shown 
that both frequent checks and several replications should be used to secure 
reasonable accuracy. 

Stockberger (63) applies different methods of calculation to the reduction 
of error in connection with a test of thirty rows of hops and concludes that 
the methods are of little value, as fresh errors may be produced. These 
errors may be reduced by corrections for imperfect stand and by replication. 

Surface and Pearl (64) discuss the variability in the fertility of the soil as a 
factor in field experiments and propose a method of calculation to correct for 
such errors with special reference to crop variety tests. The method involves 
the calculation by the contingency method of the probable yield of each plot 
on the supposition that they have all been planted with a hypothetical variety 
whose mean yield is the same as the observed means of the field. This calcu- 
dated yield is then used to correct the actual yield of the plot to the mean of 
the field. The ordinary check plot method is not considered satisfactory. | 
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CONCLUSIONS. 


The investigations here reviewed seem to admit of the following conclusions: 

The probable error for any one plot decreases as the size of the plot increases. 

For any given area devoted to a test of a single treatment the probable error 
is less if this area be divided into sub-areas and scattered over a field than if 
the treatment be applied to one single body of soil. Furthermore the probable 
error appears to decrease with increased subdivision of the area down to very 
small units (possibly 0.001 acre). 

For the same reason greater accuracy may be secured by using scattered 
treatments on small plots than by one treatment on a large plot even when the 
small plots do not cover as much land as does the large plot, but the ratios 
involved in this conclusion have not been definitely worked out. 

Experimental evidence appears to leave no doubt as to the possible accuracy 
of replicated row plantings as compared with single field plots when equal 
areas are used for each, and even when smaller areas are used for the row 
plantings, but here again no definite ratios are available. 

While there are very few data on the frequency of borings necessary to 
secure accuracy in sampling field plots, such data as are available indicate that 
it is difficult to secure an accurate sample and that borings should be taken at 
close intervals of space. 

Experiments in the use of check plots seem to indicate that the usefulness of 
these plots increases with the frequency with which they are distributed among 
the test plots. There are not sufficient data, however, to guide one in estimat- 
ing how frequent their use should be in order to obtain any desired degree of 
accuracy. 

SUGGESTIONS. 


The committee do not desire to recommend to the Society that it adept any 
particular size of plot, number of replications, or method of handling check 
plots. We feel that the subject has not been sufficiently developed to make it 
advisable for the Society to place itself on record with respect to any one 
procedure as opposed to the many possible ones. We strongly urge, however, 
that investigation of the whole subject of field plot trials, and particularly that 
phase of it that concerns the size of plots and handling of check plots, be con- 
ducted-by members of the Society. 

More data should be secured on the probable error involved in the use of 
plots of different sizes and the number of replications required to reduce the 
error to any desired degree of accuracy. With a sufficient amount of such 
data at hand it will be possible for the experimenter to calculate exactly how 
many replications he must have with plots of a given size in order to get sig- 
nificant differences in yield of crops. It is quite evident that if an experiment 
is not conducted with sufficient accuracy it is worthless and it would have been 


better not to have attempted it. If, as stated by Wood and Stratton, an experi-. 


ment on single tenth-acre plots requires differences in yields of 20 percent in 
order to insure that the differences are due to the treatments, it is very evident 
that a considerable number of our field plot tests do not admit of the interpre- 
tations that have been placed upon them. 

The relative accuracy of row plantings and plots is a subject that requires 
investigation. The practice of row plantings seems to be subject to error 
from the effect of adjacent rows that contain more vigorous or less vigorous 
plants. How to meet this difficulty is a problem for the experimenter. 
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Very little work has been done on securing representative samples of soil 
from field plots. Refinements of analytical methods are useless if the samples 
do not represent the average soil of the plot within at least rather narrow 
limits of error, 

In the study of the use of check plots much experimentation must be done 
before we shall know how best to scatter and treat these plots. There is the 
question whether checks shall be used only in the same number and manner as 
the replicated test plots, or whether they shall be used more frequently. If 
they are to be used more frequently, at what intervals shall they be distributed ? 
What method shall be used for calculating the yields of test plot's from the 
checks? Finally, there is the important question regarding the maintenance of 
fertility of the check plots in order to make a fair comparison with the test plots. 

All of these problems must be studied. They cannot be decided by vote of 
the Society. But this Society represents the men who are to solve these prob- 
lems if this country is to do it. Let us then devote our energies to this work 
and let every experiment station that is conducting field experiments use some 
of its land and resources to investigate at least one phase of the subject during 
the coming year. 

It is not a simple matter for a committee to arrange for a systematic plan of 
cooperative experimentation with methods of field experimentation. The 
equipment required is too elaborate. There is probably no time when many 
experiment stations could conduct experiments on any one phase of the sub- 
ject, except possibly on the number of borings required to adequately represent 
the soil of a plot. The matter cannot be handled like’a chemical analysis for 
which almost any laboratory is equipped. 

It seems likely that it will be necessary to leave the work to voluntary effort 
on the part of agronomists, but the Society can continue to do much to stimu- 
late activity in this direction. The present interest should not be allowed to 
subside. It is through the JourNaAt of the Society, discussions at the meetings, 
and work of the Committee on Standardization of Methods that this Society 
can operate. All of these agencies should be used to the fullest extent. The 
committee feels that the agronomists of the country are alive to the necessity 
of improving methods of field experimentation and that by continuing the 
active participation of the Society in the work a mass of data will be collected 
that will eventually make it possible to compute the experimental error for any 
desired procedure and thus to insure the accuracy of the results. 
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REPORT OF THE COMMITTEE ON VARIETAL 
NOMENCLATURE. 


The Committee on Varietal Nomenclature of the American Society of 
Agronomy has now been in existence for six years, and feels justified in re- 
porting that during this period considerable interest has been developed in the 
_ problem of working out the classification of our principal crop plants and the 
adoption of standard names. A summary of results was reported at the last 
meeting. The time has now arrived when we should take some definite steps 
in adopting a Code of Nomenclature, and also consider the best means of 
making practical use of standard names. 


Work oF OTHER SOCIETIES. 


Several societies interested in economic plants have been at work in recent 
years on the problems of nomenclature in their own field and we may gain 
some information from their experience. The American Pomological Society 
began work many years ago. This work has been mostly in the hands of men 
connected with the United States Department of Agriculture. A large amount 
of systematic work has also been done at the New York State Experiment 
Station. Several publications have already appeared. 

The old Society of American Florists years ago established the publication 
ef a register, in which all new varieties were listed with the introducer’s 
description. Some attempt was made to avoid the use of synonyms. 

Several specialized floral societies, as the Peony Society, the Rose Society, 
etc., have developed, and some of these groups have undertaken the work of 
classifying and naming the varieties in which they are especially interested. 
More recently the Vegetable Growers’ Association of America has suggested 
rules for naming garden vegetables and considerable work has been undertaken. 

With regard to the nomenclature of fruits and vegetables, Prof. L. C. Cor- 
bett, horticulturalist in charge of the Office of Horticultural and Pomological 


420 JOURNAL OF THE AMERICAN SOCIETY OF AGRONOMY. 


Investigations of the U. S. Department of Agriculture, writes as follows in a 
recent letter: 

“The Department of Agriculture, and especially the Office of Horticultural 
and Pomological Investigations has had much to do with bringing the nomen- 
clature of fruits and vegetables up to its present degree of perfection. You 
are of course familiar with the early work of Ragan in regard to the nomen- 
clature of the apple and of the pear. Prof. Lake has in recent times been 
giving a great deal of attention to the nomenclature of the peach, thus adding 
one more to the list of fruits which have been gone over carefully from the 
standpoint of nomenclature. 

“In our recent work we find that the code as it exists at present does not 
entirely meet the requirements of the case, and I understand that the Nomen- 
clature Committee of the American Pomological Society, which has always 
cooperated heartily in this work, expects to take under advisement next year 
the feasibility and practicability of making some important changes. I enclose 
a copy of a proposed code referred by the Society at its recent meeting to the 
Committee as a basis for revision of the rules previously in force. The matter 
of types and type material on which varietal descriptions ought to be based is 
one that should receive careful consideration. In fact, I do not believe that 
stability in any system of nomenclature can be attained unless the type idea 
is incorporated. 

“The work which we are specifically doing is first, to bring together a com- 
prehensive list of all names which have been applied to varieties of any par- 
ticular group of fruits with the original descriptions to determine as far as 
possible their correct application, whether they are local names or catalog 
names. More recently, Prof. Lake has been giving a great deal of attention 
to the names of varieties as published in trade catalogs and has been endeavor- 
ing to standardize the characterizations of the varieties, for as we see it, cata- 
logs do not describe our commercial varieties. In this work we have had 
splendid cooperation from the nurserymen and catalog makers, and we feel 
that a very decided step has been made in handling this feature of the work. 

“Vegetable nomenclature is much less advanced and the most we can say 
for it at the present time is that members of our force are now engaged in 
determining the synonymy of names of varieties used in the trade and an 
effort is being made, in fact, resolutions have been passed by the Vegetable 
Growers’ Association of America, practically adopting a code similar to the 
one adopted by the American Pomological Society a number of years ago. — 
This, as I have it in mind, practically presents the present status of the fruit 
and vegetable nomenclature work.” 

Professor A. C. Beal of the New York State College of Agriculture has — 
carried out much of the detailed work in connection with the classification of j 
floral groups, and he has been asked to give a brief review of experience gained 
in this field. The work has been carried out in each case in cooperation with — 
the particular society representing the special group of plants under study. — 
Dr. Beal’s statements are here presented. 

“Some years ago the trial grounds of the American Peony Society were — 
established on the grounds of the Department of Horticulture at Cornell Uni- — 
versity. This work was cooperative on the part of the American Peony So- 
ciety and the Department of Horticulture. It was known that there were 
hundreds of varieties of peony names in the catalogs and trade lists of Ameri-— 
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can and foreign growers. The nomenclature, however, was in a state of con- 
fusion. The American Peony Society solicited the plants and a large collec- 
tion, supposed to represent more than 1,600 varieties, was brought together at 
Cornell. A search of the literature was made in order to determine when the 
different varieties were introduced into the trade. This information was se- 
cured for the purpose of determining the priority of names. When the plants 
bloomed a committee of two or three men representing the Society came to 
Ithaca and assisted the representative of the Department of Horticulture in 
studying and describing the varieties. In one case a variety was received under 
as many as seven different names; there were many cases of two or three 
synonymous names. When the work was completed it was found that the col- 
lection represented less than 500 different varieties. As the descriptions were 
made the plant from which the description was taken was tagged and later 
lifted and planted in a separate plot. Owing to the longevity of these plants, 
we have at present growing on our grounds the identical plants from which 
the official descriptions were made. The results of the work were published 
in bulletins 259, 278, and 306 of the Cornell station. 

“When the American Sweet Pea Society was organized in 1909, one of the 
first objects which it hoped to attain was the reduction of the number of sweet 
pea novelties. At that time from 50 to 100 varieties were appearing each year. 
A new type of sweet pea had been recently introduced and this type had an 
unusual tendency to produce seed sports. The result was that similar varia- 
tions occurring on the grounds of different growers were named and later 
introduced into the trade. It was not infrequent to find the same variation 
appearing in the same year under four or five different names. A trial ground 
was established at Cornell on the same general plan as the peony trial grounds. 
The seed has been contributed by American and foreign seedsmen. In past 
years we have grown from 100 to 500 supposed varieties each year. We have 
endeavored to ascertain the synonyms and also to point out all cases where 
the differences between varieties are slight. We have not had the assistance 
of a committee from this society as in the case of the peony society. The work 
has been done by the investigation staff of the Department of Floriculture. 
It has not been so necessary to have a number of persons carry on the study, 
as in the case of the peony, for the reason that the sweet pea blooms over a 
longer season, and, therefore, it is possible to secure the detailed notes neces- 
sary for the preparation of full and complete descriptions. The writer has 
been chairman of the Committee on Nomenclature of the American Sweet Pea 
Society, and, naturally, all applications to register new varieties have been re- 
ferred to the committee before registration was permitted. The results of 
this work have been published in Cornell station bulletins 301, 319, 321, and 342. 

“When the American Gladiolus Society was organized in 1910, it asked the 
Department to undertake trials with gladioli. The nomenclature of this flower 
was in an extremely confused state, for the reason that many persons had been 
producing seedlings and naming the meritorious varieties; then they sold in 
‘mixtures all of the supposedly inferior seedlings. It appears that when some 
of the mixtures fell into the hands of certain growers, on other soils, under 
different conditions, the varieties were so improved as to be worth naming. 
Sometimes more than one grower would pick the same novelty and name it. 
In other cases the named varieties included in mixtures were selected and given 
other names. Of course, the grower was usually innocent of any wrongdoing, 
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but the practice, nevertheless, tended to multiply the number of names and 
bring about confusion. We have tested several hundred varieties on the trial 
grounds here, have made careful descriptions of them, and the results have 
been published in extension bulletins 9, 10, and 11. As chairman of the No- 
menclature Committee of the gladiolus society, we insisted that a variety 
offered for registration with the society shall be tested on the trial grounds in 
order to determine whether it is distinct’ from existing varieties before the 
committee will approve it for registration. 

“The number of roses introduced each year has during the last fifty years 
varied from 40 to 150 annually. There is usually little difficulty about renam- 
ing of greenhouse roses, for these are usually exhibited before the American 
Rose Society before they are introduced. The attention of the cut flower 
growers must be secured before it is possible to sell any large number of plants 
to a single grower; also, owing to the fact that a large investment’ is necessary 
before a man can grow and propagate a new variety in large numbers, men 
who make a business of sending out novelties are extremely cautious in buying 
new varieties from the originator. In the case of garden roses, however, the 
situation is very different. It is possible to multiply a new variety rapidly by 
means of buds and by selling one or two plants to a large number of indi- 
viduals to secure a wide distribution of a novelty. In order to place some 
check on this practice as well as to secure information as to the adaptability 
of varieties to different soils and climate, trial grounds for roses have been 
established in different parts of the country. One of these is located on the 
grounds of the Department of Floriculture at' Cornell. Another object which 
was aimed at on the part of the Nomenclature Committee of the American 
Rose Society was to try to get the originators and introducers of new varieties 
of roses to apply short, serviceable names to novelties. The Committee sought 
to have a rule adopted, whereby extremely long names now in use could be 
reduced in length. I am sorry to say, however, that little was accomplished 
in either of these directions. My own feeling is that a name should consist 
of one or two words and not more. No publications have been issued giving 
the results of the rose trials at Cornell. 

“The above is a brief outline of the different trial grounds that we have 
established in connection with the American Peony, American Sweet Pea, 
American Gladious, and American Rose societies. I will say, however, that 
we are carrying out somewhat similar work with perennial phlox and with iris. 
In these cases, however, the work is in charge of graduate students. The 
plants are contributed by interested growers and the work is conducted on the 
same general lines as the trial ground work above indicated, the chief differ- 
ence being that there is no special society backing these two lines of work. lf 
publications are issued, we shall, however, note all synonyms in connection 
with the descriptions of the different varieties. We hope that the work may 
be valuable, if published, in clarifying the nomenclature of these plants. 

“Tn all this work, in order to determine the priority of names we have found 
a complete set of catalogs of nurserymen and seedsmen extremely valuable. 
We do not find that American horticultural and agricultural publications to any 


large extent publish descriptions of the new varieties of plants. Use, however, — 


is made of the files of journals as well as the catalogs in preparing lists of 
varieties of the different plants we have worked with. In all this work it is 
desirable in connection with the name of the variety to know the name of the 
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originator, the introducer, the year of introduction, the parentage if recorded, 
and as complete a description as can be ascertained. Having this information 
it is possible to work out questions of priority of names. The next step in the 
work is usually to make a list of the names of all the varieties cataloged by 
the trade. When such a list is prepared the investigator, the nomenclatorial, 
or the trial ground committee endeavors to secure from the growers a stock 
of all the different varieties, giving particular attention to suspected synony- 
mous varieties. When the stock is received, if possible, a systematic arrange- 
ment is made of the varieties when planting. For instance, in the case of 
flowers, we try to arrange them so as to bring similar colors together. Crops 
that are planted annually lend themselves to this plan more readily than peren- 
nial plants, which, when planted are expected to remain in one position for 
several years. However, such an arrangement facilitates comparative studies. 

“In making descriptions of varieties, it is desirable that all descriptive notes 
be complete. In our work we have found a descriptive blank desirable for 
the reason that all of the points are passed upon when such an outline is used. 
All such notes, of course, should be supplemented by photographs, herbarium 
specimens, etc. 

“In publishing the result's, whenever possible, an outline, a key, or the ar- 
rangement of the varieties in some systematic order is extremely desirable. 
The arrangement of the varieties in this way tends to bring together varieties 
which are more or less similar and at the same time emphasizes the special 
points which separate one variety from another. 

“Tn all this work we usually plan to make some sort of a brief general report 
regarding the work, to the societies interested, at their annual meeting. This 
keeps the organization in touch as to what is being done and adds to their 
interest in the work while it is in progress; in fact’, we regard it as very neces- 
sary for a representative of the department to meet and take part in the meet- 
ings of the organizations interested in our cooperative work. All the plants 
which we use in the work have been contributed. In the case of novelties it 
is extremely important that the stock be safeguarded so that assurances can 
be given the introducers that no plants will be distributed from the trial 
grounds. If this confidence in the work is secured, we believe that no special 
difficulty will be experienced in getting the new varieties. In the course of 
our work we have had many varieties sent to us before they were introduced 
in the trade; in some cases before they were even named. In the case of 
gladioli our opinion has been frequently asked as to the merits and value of 
a variety and we believe that, taken as a whole, the work of the department 
along these lines has accomplished a great deal in reducing the number of new 
varieties which were inferior to existing varieties. In some cases, however, it 
has been impossible to get certain growers to contribute stock and in order to 
make this kind of work an absolutely complete success, the department or the 
trial grounds should have some funds which would enable it to purchase the 
few varieties which it needs in order to make its test complete. In all the 
work we find it necessary to emphasize constantly the point that we are not 
attempting to determine the value of a variety for any large section of the 
country, but that we are testing the varieties side by side under as nearly 
uniform conditions as we can secure in order to determine whether they are 


distinct’ or not.” 
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1 Eprtor’s Note.—This portion of the Committee’s report is followed by the 
Rules of Nomenclature adopted by the American Rose Society, the Code of 
Nomenclature of the American Pomological Society, and the Report of the 
Committee on Nomenclature and Varieties as adopted by the Vegetable Grow- 
ers’ Association of America. Lack of space forbids the publication of these 
documents here, but they are filed as a part of the Committee’s report in the 
Office of the Secretary-Treasurer. 


THe NoMENCLATURE OF FIELD CRops., 


Last year, the Committee on Nomenclature, at the annual meeting held in 
Washington, proposed two plans for establishing and supervising the work on 
nomenclature in farm crops (Jour. Amer. Soc. Agron., 8: 392). The pro- 
posals were as follows: 

1. That “certain qualified individuals might be chosen by the Society, each 
of whom would supervise the registration of some particular crop,” or 

2. “The United States Department of Agriculture might be asked to pro- 
vide a specialist, whose duty is would be to care for this work and promote the 
general adoption of the classification when once established.” 

The Committee put forth these two suggestions to furnish a basis for dis- 
cussion, without feeling sure which was best, or whether either would be prac- 
ticable. At that time, the Society decided to take the matter under considera- 
tion for a year, with the hope that some practical plan might be adopted at 
the present meeting. 

After further consideration it appears to the Committee that there are 
three groups of individuals that ultimately must be brought into cooperation 
in order to work out and establish the use of standard names. These three 
groups consist of: 

a. The agronomists and specialists on field crops, who must be depended 
upon largely to work out the classification and the proper system of naming, 
and ultimately supervise very largely the adoption of these names. 

b. The seed trade, which must be brought into hearty cooperation if there is 
to be any general and practical use made of the naming system. 

c. The farmers of the United States, who grow the crops, and who must be 
brought in time to realize the value of using only standard names and recog- 
nized varieties. 

It would appear that the first group, the agronomists and specialists, must 
do the preliminary work. It will probably take five to ten years before we will 
have satisfactory classifications worked out for the different economic crops, 
and also it will take many years before the agronomists of the country have 
sufficiently acquainted themselves with the different types and groups so they 
can be of material aid in assisting farmers in the identification and naming of 
varieties. Until the classification is worked out and the agronomists them- 
selves are familiar with the systematic work, we can not hope to do very 
much with the other two groups, the seed trade and the farmers, in advancing 
this work. It would seem, therefore, that the principal work during the next 
five or ten years for any committee appointed at this time, would be with the 
agronomists. At the same time, the committee should get in touch with a 
committ'ee representing the American seed trade, as it will probably take sev- 
eral years before the seed trade would be ready to cooperate fully in the estab- 
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lishment and use of standard names. In fact, we cannot make very much 
progress with the seed trade, except in an educational way, until our standard 
classifications are fairly well worked out. However, it would seem desirable 
to have their cooperation while this work is under way, and steps should be 
taken at once to get in touch with the leaders of the American seed trade. 

The third group to be interested is the farmers. It will probably take 
educational work for a long time before the farmers can be brought fully to 
realize the importance and need of using standard names. Not very much in 
the way of a campaign, however, can be undertaken until we have progressed 
farther with our own work. Nevertheless, we should be looking to the time 
when a campaign can be undertaken among the farmers of the country for 
the use of standard names, and some preliminary plans for this work should 
be considered. 

It, therefore, seems to the Committee that the two matters which it might 
be best to take action on at this meeting would be: 

(1) The adoption of some rules of nomenclature, so that the systematic 
work may be carried out; and, 

(2) The appointment of a committee to undertake cooperation with the 
agronomists, American seed trade, and the farmers, looking toward the devel- 
opment and practical use of the work. 

We, therefore, propose for your consideration, the following motion: 

That the American Society of Agronomy appoint a committee, which shall 
act in cooperation with the American seed trade and any other agencies to 
secure uniformity in rules and practices of varietal nomenclature and regis- 
tration. 

In the preparation of a classification, one of the first matters to be settled is 
some general principles or rules of nomenclature. 

The botanists, zoologists, and workers in other fields of natural science long 
ago adopted codes of nomenclature, but before universal codes were adopted 
considerable confusion had arisen in the practice of assigning names. 

The pomologist's, certain groups representing different phases of floriculture, 
and also those interested in vegetable crops have already adopted general rules 
of nomenclature, and it would seem well if all interested in the naming of 
economic crops could follow the same general principles. 

Two years ago when Dr. Etheridge published his “ A Classification of the 
Varieties of Cultivated Oats,” he was interested primarily in working out a 
classification, and in so far as names were concerned, used in each case the 
name that appeared to be applied most frequently to each variety. Messrs. 
Carleton R. Ball and J. Allen Clark are now prepared to publish the first part 
of their classification of wheats and have drawn up a proposed Code of No- 
menclature. The Committee, therefore, presents this Code, somewhat revised, 
and asks the Society to consider it in detail and make some provision for 
the adoption of a permanent code. 


CopE oF NOMENCLATURE FOR THE AMERICAN SOCIETY OF AGRONOMY. 


The following rules governing the naming of varieties of crop plants are 
hereby proposed for adoption by the American Society of Agronomy, at the 
annual meeting, November 13, I917. 

1, Evicrprniry To NAminc. No variety shall be named unless (a) distinctly 
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different from existing varieties in one or more recognizable characters, 
or (b) distinctly superior to them in some characters or qualities, and (c) 
unless it is to be placed in commercial culture. 

2. Priortry. No two varieties of the same crop plant shall bear the same 
name. The name published (see paragraph 4) for a variety shall be the 
accepted and recognized name except in cases where it has been applied in 
violation of this code. 

A. The term “crop plant,” as used herein, shall be understood to mean 
those general classes of crops which are grouped together in com- 
mon usage without regard to their exact botanical relationship, as 
corn, wheat, sorghum, cotton, potato, etc. 

B. The paramount right of the originator, discoverer, or introducer of 
a new variety to name it, within the limitations of this code, shall 
be recognized. 3 | 

C. Where the same varietal name has become thoroughly established for 
two or more varieties, through long usage in agronomic literature, 
it should not be displaced or radically modified for either one, 
except where a well-known synonym can be substituted. Other- 
wise, the varieties bearing the same name should be distinguished 
by adding some suitable term which will insure their identity. 

D. Where several well-established names are used for the same variety, 
the list of synonyms shall be submitted to some committee of the 
American Society of Agronomy. This committee shall choose the 
name which it deems most suitable, observing the established Code 
of Nomenclature. 

E, Existing American varietal names which conflict with earlier-pub- 
lished foreign names for the same or different varieties, but which 
have been thoroughly established through long usage, shall not be 
displaced unless long-used and available synonyms exist. 

F, It is recognized that certain strains of varieties may occur, which do 
not differ from a standard variety in recognizable characters, but 
may differ in yield, adaptation, or quality, and are entitled to rec- 
ognition by a distinct name. Such strain shall be given a new 
name, but the name of the type variety in parenthesis should fol- 

) low. 

3. Form or Names. The name of a variety shall consist of a single word, 

except where it conflicts with Rule 2, C or E. 

A. Varietal names shall be short, simple, distinctive, and easily spelled 
and pronounced. 

B. A varietal name derived from a personal or geographical name should 
be spelled and pronounced in accordance with the rules governing 
in the case of the original name. 

C. The name borne by an imported foreign variety should be retained, 
subject only to such a modification as is necessary to conform it 
to this Code. 

D. The name of a person should not be used as a varietal name during 
his lifetime. The name of a deceased person should not be so 
used except by the official action of this or other competent agro- 
nomic bodies. Personal names in the possessive form are inad- 
missible. 
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E. Names of stations, states, or countries, in either the nounal or adjec- 
tival form, should not be used as varietal names, except in unusual » 
cases where the name is well established. 

F, Such general terms as hybrid, selection, seedling, etc., should not’ be 
used as varietal names. 

G. A number, either alone or attached to a word, should not be used as 
a varietal name, but considered as a temporary designation while 
the variety is undergoing preliminary testing. 

H. Names which palpably exaggerate the merits of a variety shall be 
inadmissible. 

I. In applying the provisions of this rule to varietal names which have 
become firmly established in agronomic literature through long 
usage, no change shall be made which will involve loss of identity. 

4. Pusrication. A varietal name is established by publication. Publication 
consists (1) in the distribution of a printed description of the variety 
named, giving its distinguishing characters, or (2) in the publication of a 
new name for a variety properly described elsewhere; such publication to 
be made in any book, bulletin, circular, report, trade catalog, or periodical, 
provided the same bears the date of issue and is distributed generally 
among agronomists and crop growers; or (3) in certain cases the general 
recognition of the name for a commercial variety in a community for a 
number of years may be held to constitute publication. 

A, Where two or more admissible names are given to the same variety, 
in the same publication, that which stands first shall have prece- 
dence. 

5. RecrstRaTion. After a classification is made, and names assigned according 
to the Code, and the same has been officially adopted by this Society, no 
new names shall be recognized by the Society except by registration. 

Registration shall consist in the introducer submitting to the Secretary 

of the American Society of Agronomy, or some properly authorized com- 
mittee, a sample of seed, together with a full statement and evidence set- 
ting forth reasons why the variety is entitled to a new name. The Society 
(or committee) shall then have sufficient time in which to grow the crop 
in trial grounds and thoroughly examine the claims before reporting on 
the new name. 

6. Citation. In the full and formal citation of a varietal name, the name of 

. the author who first published it shall be given, when the same can be 
determined. 

7. Revision. No properly published varietal name shall be changed for any 
reason except conflict with this code, nor shall another variety be substi- 
tuted for that originally described thereunder. 
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research in agronomy will be accepted for publication. It is understood tha 
submitted for publication have not appeared previously elsewhere and that they 
_ be offered for simultaneous publication in other journals without the conse 
Editor of the JouRNAL OF THE AMERICAN SOCIETY OF AGRONOMY. — 


Papers of any length, between I page and 30 or 40 pages, can be used. 
and institutional items of agronomic interest, suitable for inclusion in ‘ft 
News,” are solicited. . 


To be accepted for publication, manuscripts should be original tpaehin e 
«not carbons) double- or triple-spaced, with wide margins. Special care sl 
given to the proper indication of main heads and subheads in the text, to | 
and descriptions of tables, to citations of literature and_to illustrations. if 
details see recommendations on page 28 of volume 3 of Proceedings and 
that and other volumes. 


All illustrations desired should accompany the manuscript, should be 
and described, and referred to in the text. Line drawings must be made i in? 
and glossy velox prints of :photographs are ‘preferred for half-tones. _ . 
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REPRINTS 


Fifty reprints of each article will be furnished free. Additions cog 
plied at a nominal charge. Covers on same paper as the publication with 
page, 50 covers $1.00, and 1 cent for each additional copy. Orders for 
covers should be sent to the Editor immediately on recat of proof es the 
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OBJECT 


, Article II. The object of the Society shall be the increase and dissemination of 
» k owledge concerning soils and crops and the conditions affecting them. 


i | MEMBERSHIP 


ay 


a 


Be, Ss Article IV. Membership shall be of three kinds, active, associate and local. 
: nce membership shall be limited to persons who are engaged in teaching agronomy 
or in scientific investigation in some branch of agronomy. Associate membership shall 

be composed of other persons interested in the object of the Society. Associate mem- 

~ bers shall be entitled to all the privileges of the Society except that of voting. Local 
a ikrs shall have no vote in the Society and shall not be entited to a copy of the 
.: oh eae proceedings without payment of an extra sum of money as provided in Article 


av, of this Constitution. | 
¥ _ Active and associate membership may be secured by the endorsement in writing 
Sains some active member and upon Bperoye! by the ‘Eresident and Secretary and pay- 
“ment. of the annual dues. 


é | ese BY-LAWS 

: 1. The annual dues for each active and associate member shall be $2, and for each 

local member $.50, which are due and Bayenle on January 1 of the year for which 

Re _ membership i is held. | 

re _ >2. Any member in arrears for dues for more than one year shall thereby forfeit 
Eeniership, but may be restored to membership without action of the Society upon 


aoe payment of such arrears. 


2 Applications for membership should be sent to the Secretary, preferably accom-. 
ete by Seenence for dues, to save correspondence. Except when accompanying 


Sey PUBLICATIONS 


PROCEEDINGS. Four volumes of Proceedings have been issued, as follows: 


“Vol 1, cloth, 238 PP., 39 papers, 1900. Vol. 3, cloth, 286 pp., 14 papers, IoIt. 
i Vol. 2, cloth, 154 pP., 16 papers, 1910. | Vol. 4, cloth, 160 pp., 20 papers, 1912. 


ae Journar (continuing the Proceedings) : 

Ais Vol, 5, quarterly, paper, 256 pp., 1913. Vol. z bimorthly, paper, 320 pp., I9Qrs. 

: “S ae bimonthly, paper, 204 pp., 1914. Vol. &, bimonthly, paper, 400 pp., 1916. 
= Be Vol. 9, monthly, except June, July, and Avdoust: paper, 432 pp., I917. 

os he ‘price of each volume of PRocEEDINGS and JouRNAL is $2.00 postpaid. 

- Single i issues, Vol. 5, 60 cents; Vols. 6 to 8, 35 cents; Vol. 09, 25 cents; all postpaid 
Special reduced PRICE to members for volumes 1 to 8, inclusive. 


Ro isbrites dad individuals are invited to ‘ifice subscriptions for the current volur- 
7 es orders for previous volumes with the Secretary, C. W. Warburton, U. S. Depart 
a: Brent of “Agriculture Washington, D. Cc 
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